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Abstract
Shoulder pain and disability can pose a diagnostic challenge for clinicians owing to the
numerous etiologies than can exist and the potential for multiple disorders to co-exist. There
are an abundance of physical examination maneuvers available to clinicians to utilize in their
clinical decision making. Additionally the patient history may be an important diagnostic
tool in patients with shoulder pathology.

The evidence in support of most clinical tests is

weak or absent and only a few studies have formally assessed the measurement properties of
history findings. The purpose of this study was to determine the diagnostic validity of
physical examination maneuvers and patient reported history for shoulder pathology. We
recruited consecutive shoulder patients who were referred to two tertiary orthopedic clinics.
The patient first completed a questionnaire on the history of their pathology. The surgeon
then took a thorough history and indicated his or her certainty about each possible diagnosis.
The clinician performed the physical examination for diagnoses where uncertainty remained.
We considered arthroscopy the reference standard for patients who underwent surgery and
magnetic resonance imaging with arthrogram for patients who did not. We calculated the
sensitivity, specificity, and likelihood ratios and investigated whether combinations of the top
tests provided stronger predictions of the presence or absence of disease. Finally we assessed
whether a tool could be developed from the history items that could be used for triaging
patients. None of the tests were highly sensitive for rotator cuff or labral pathology. The
physical examination and history agreed in 75% of cases. Of those that did not agree, the
physical examination misdirected the diagnosis in 47% of our cases. In particular history
items were strong predictors of anterior and posterior instability and subscapularis tears and
were combined in a tool to be utilized for screening patients. In conclusion, no test in
isolation was sufficient to diagnose a patient with rotator cuff disease or labral pathology.
The patient reported history items were effective for diagnosing shoulder pathology and
should be considered for use in a triaging instrument.

Keywords: shoulder pathology, physical examination, history, diagnosis, gold standard,
sensitivity, likelihood ratio
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Introduction

1.1 Background
The shoulder is a ball and socket joint comprised of a complex combination of muscles,
ligaments and soft tissue structures. Inherent to this complex anatomy is the multitude of
disorders that can exist. Not only are there an abundance of disorders but there is the
potential for multiple disorders to exist in the same patient. Consequently, shoulder pain
and disability can pose a diagnostic challenge for clinicians. Most clinicians would agree
that a thorough history and clinical evaluation of the entire shoulder girdle are necessary
to make a diagnosis. Additionally, because of the complexity of the shoulder joint many
patients are sent for more invasive and costly tests including ultrasound and magnetic
resonance imaging (MRI) (with and without arthrogram) to obtain a diagnosis.
Furthermore, an arthroscopic exam is sometimes necessary at the time of surgery to
capture any diagnoses missed during the clinical evaluation. Ideally a clinician should be
confident in their diagnosis following the clinical examination; however this is often not
the case, and patients are frequently referred for costly examinations that are, in some
cases, unnecessary. There are an abundance of physical examination maneuvers available
to clinicians to utilize in their clinical decision making. Herein is where the problem lies:
which clinical tests or combinations of tests will facilitate a correct diagnosis? From an
efficiency standpoint, clinicians could not perform all possible examinations, and so a set
of criteria to assist in selecting the most appropriate tests would be useful.

There is currently a lack of agreement for what physical examination maneuvers should
comprise the clinical examination for shoulder pathology, with the majority of clinicians
choosing examinations based on previous education and experience. JOINTS Canada
(Joint Orthopaedic Initiative for National Trials of the Shoulder), a group of Canadian
shoulder surgeons, physical therapists, methodologists, and research assistants, convened
to discuss and reach consensus on which physical examination maneuvers should be used
for shoulder diagnoses. The consensus was developed over the course of several
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meetings, with small breakout sessions making recommendations, and then the whole
group agreeing on which should be included. The purpose of this exercise was to create a
list of physical examination tests, endorsed by leading Canadian shoulder surgeons, for
use by clinicians within the community and academic centers and become part of the
training of new clinicians. It was anticipated that this list would decrease the variability
between specialists in which maneuvers are used and how they are used, all of which will
assist in improving the consistency between centers consequently making it easier to
conduct research across multiple sites. The inspiration for our research project stemmed
from the need to validate these endorsements made by JOINTS Canada to gain strong
evidence in support of these physical examination maneuvers.

As a first step to improving the validity of these endorsements, we conducted a
systematic review of the literature to appraise the current state of evidence in support of
these tests. At the time, we identified two systematic reviews and several primary
studies. The first systematic review identified 17 studies that investigated the validity of
clinical tests for shoulder instability or labral lesions 1. Study quality was rated using the
Quality Assessment of Diagnostic Accuracy Studies standardized checklist (QUADAS) 2.
None of the included studies were without methodological limitations; the majority of
studies violating more than three of eight methodological criteria for assessing the
internal validity of each study. The review concluded that tests that demonstrate
accuracy for the diagnosis of instability include the relocation and the anterior release
test, while tests that demonstrate accuracy for the diagnosis of labral lesions included the
biceps load I and II, pain provocation test and internal rotation resistance strength. The
review found the apprehension, clunk, release, load and shift and sulcus sign test to be
less useful. In particular the authors of the review cautioned readers to interpret their
results carefully as the studies demonstrating these encouraging results were conducted in
select populations, usually led by the designer of the test, and had been evaluated by a
single study only.

3

The second systematic review identified 16 studies that investigated the validity of
clinical tests for superior labral anterior and posterior (SLAP) lesions 3. Study quality was
rated using a scale developed for evaluating the internal validity of randomized trials and
therefore did not assess the presence or absence of many of the methodological features
appropriate for studies evaluating the validity of diagnostic tests. The authors of this
review reported that studies were heterogeneous in terms of disease severity, conflicting
in their definition of SLAP lesion, and inconsistent in the application of each test. The
review found that the majority of tests currently used to detect SLAP lesions are either
inaccurate or show variable accuracy between studies and that the only tests that
demonstrate high levels of accuracy were those tests evaluated by their developer. The
authors concluded that no one clinical test can be recommended for the diagnosis of
SLAP lesions.

Since neither of these reviews conducted a meta-analyses or sensitivity analyses to
attempt to explain the variability in estimates of diagnostic accuracy between studies, we
conducted our own systematic review of the literature with meta-analyses. The preceding
reviews assessed the literature on tests for labral and SLAP tears, therefore in addition to
these disorders we reviewed the literature for tests for instability, rotator cuff pathology,
and acromioclavicular (AC) joint abnormalities.

We conducted an electronic search of the online bibliographic databases MEDLINE
(1966 through week 2 of April 2006), CINAHL (1982 through week 2 of April 2006) and
EMBASE (1980 through week 14 of 2006) for relevant studies published in English.
Quality was assessed according to five criteria including the choice of an appropriate
gold standard, the experience of the physical examiner, blinding of the interpreter of the
physical examination to imaging and of the interpreter of the gold standard to physical
examination and imaging results, the presence or absence of verification bias and whether
the sample was representative of the full spectrum of disease.
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We identified 55 studies that met our eligibility criteria. Similar to previous reviews
none of the included studies met the methodological criteria for internal validity
(Appendix A). The reported values of sensitivity and specificity were highly variable
between studies. In some cases this variability could be explained by removing
methodologically flawed studies from the analysis. The results of our review indicated
that the diagnostic validity of clinical tests for shoulder pathology remains uncertain. The
high degree of heterogeneity among studies decreased our confidence in the pooled
values of sensitivity and specificity as the true estimates of these tests’ ability to diagnose
shoulder pathology. We concluded that the evidence in support of physical examination
tests for diagnosing shoulder pathology is weak. Based on the results of our review, it is
apparent that the current literature could not support the endorsements made by JOINTS
Canada. Considering this, we felt that it was necessary to conduct a methodologically
rigorous study to evaluate the validity of physical examination maneuvers for common
shoulder diagnoses to obtain accurate estimates of sensitivity and specificity. This led to
the development of our first research question; in patients presenting for their first
consultation at a tertiary clinic with shoulder pain and disability, what is the diagnostic
validity of physical examination maneuvers for shoulder pathology?

Through the process of performing the systematic review we were enlightened to the fact
that the diagnostic validity of other elements of the clinical examination remained
unexplored. It became apparent that the history may be an important diagnostic tool in
patients with shoulder pathology.

A comprehensive history includes inquiry into the

details of the injury itself such as how the injury occurred (the mechanism of injury),
when it occurred and the symptoms the patient is experiencing, as well as the
characteristics of the patient. Most physicians rely on a thorough patient history to aid in
the diagnosis of shoulder pain; in fact medical students are trained in the art of taking a
history throughout their education. Several studies have documented the importance of
the history in general medical populations 4, 5 some reporting as high as 80% agreement
between the history and final diagnosis. Numerous history findings have been described
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in the literature and are thought to be able to identify existing shoulder pathologies;
however the diagnostic utility of history findings has rarely been investigated. Only a few
studies from our literature review formally assessed the measurement properties of
history findings, the majority of the others simply reported the descriptive values of
patient and disease characteristics including mechanism of injury. Leaker and
colleagues6 demonstrated that age greater than or equal to 65 years and night pain were
the most predictive of rotator cuff tears and history of trauma was not. Liu et al 7 found
that patients under the age of 35 years and having failed non operative treatment had a
sensitivity of 66% and specificity of 85% for diagnosing labral tears. Owing to the
relative ease of completing a patient history as well as the cost effectiveness compared to
other investigations it is surprising that history findings have not been examined in more
depth. This finding led to our second research question; in patients presenting for their
first consultation at a tertiary clinic with shoulder pain and disability, what is the
diagnostic validity of patient reported history items for shoulder pathology?

Upon commencing our data collection for our first two research questions it quickly
became clear that there were many patients who the consultants believed were
inappropriate referrals. The tertiary care clinic setting should be reserved for patients
whom have symptoms that require surgical intervention to resolve them. Of those
referred to our clinic 37% did not undergo a surgical intervention. Several studies have
established that a considerable portion of referrals to orthopedic specialists are
inappropriate 8-11. Similar to our study, Roland et al. 8 found that 43% of referrals to their
orthopedic clinic could have been avoided. Similarly, Speed and Crisp 10 showed that
only 42% of their referred sample was listed for a surgical intervention following
orthopedic consultation. Based on these findings, it seems that a more efficient referral
process in this patient population is necessary. The use of triage systems to ensure
referrals reach the most appropriate destination is a popular concept. The current system
at our institute is the concept of a ‘paper triage’ whereby, a referral is sent by a primary
care clinician and upon its arrival is directed by a gatekeeper. This system has two main
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drawbacks. The first is that general and primary care clinicians often have low levels of
confidence in their abilities to diagnose and manage musculoskeletal disorders therefore
they often refer patients when it is inappropriate or send them for clinical tests that are
not warranted 8, 12. Secondly, this system is limited by the lack of information that is
provided in the referral letter and consequently gatekeepers may have difficulty deciding
where the referral should be sent. These pitfalls led us to consider the use of our history
questionnaire as a screening tool for shoulder referrals to the orthopaedic clinic. In
particular we will assess whether items from the questionnaire can be used in a clinical
decision model to decide which patients should be sent for an orthopaedic consultation.
Therefore our third research question is; in patients presenting for their first consultation
at a tertiary clinic with shoulder pain and disability, can history findings be used to
predict who should be referred to the orthopaedic consultant?

The following four chapters present the results of one large diagnostic study designed to
address all three research questions. The second chapter discusses the unique design and
several methodological considerations of our study. The first research question is
addressed in the third and fourth chapters and the second and third question are addressed
in the fifth chapter. All chapters are presented in manuscript form.

7

1.2 References
1.

Luime JJ, Verhagen AP, Miedema HS, et al. Does this patient have an instability of
the shoulder or a labrum lesion? JAMA. 2004; 292(16):1989-1999.

2.

Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of
QUADAS: A tool for the quality assessment of studies of diagnostic accuracy
included in systematic reviews. BMC Med Res Methodol. 2003; 3:25.

3.

Mirkovic M Green R Taylor N Perrott,M. Accuracy of clinical tests to diagnose
superior labral anterior and posterior (SLAP) lesions. Phys Ther Rev. 2005; 10(1):514.

4.

Hampton JR, Harrison MJ, Mitchell JR, Prichard JS, Seymour C. Relative
contributions of history-taking, physical examination, and laboratory investigation to
diagnosis and management of medical outpatients. Br Med J. 1975; 2(5969):486489.

5.

Peterson MC, Holbrook JH, Von Hales D, Smith NL, Staker LV. Contributions of
the history, physical examination, and laboratory investigation in making medical
diagnoses. West J Med. 1992; 156(2):163-165.

6.

Litaker D, Pioro M, El Bilbeisi H, Brems J. Returning to the bedside: Using the
history and physical examination to identify rotator cuff tears. J Am Geriatr Soc.
2000; 48(12):1633-1637.

7.

Liu SH, Henry MH, Nuccion SL. A prospective evaluation of a new physical
examination in predicting glenoid labral tears. Am J Sports Med. 1996; 24(6):721725.

8

8.

Roland MO, Porter RW, Matthews JG, Redden JF, Simonds GW, Bewley B.
Improving care: A study of orthopaedic outpatient referrals. BMJ. 1991;
302(6785):1124-1128.

9.

Menzies RD, Young RA. Referrals from a primary care-based sports medicine
department to an orthopaedic department: A retrospective cohort study. Br J Sports
Med. 2011; 45(13):1064-1067.

10. Speed CA, Crisp AJ. Referrals to hospital-based rheumatology and orthopaedic
services: Seeking direction. Rheumatology. 2005; 44(4):469-471.

11. Glazier RH, Dalby DM, Badley EM, et al. Management of common musculoskeletal
problems: A survey of Ontario primary care physicians. CMAJ. 1998; 158(8):10371040.

12. Matheny JM, Brinker MR, Elliott MN, Blake R, Rowane MP. Confidence of
graduating family practice residents in their management of musculoskeletal
conditions. Am J Orthop. 2000; 29(12):945-952.

9

2

Protocol for Determining the Diagnostic Validity of Physical
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According to Sackett and Haynes [1] studies evaluating the diagnostic validity of clinical
tests are classified along a continuum from efficacy (Phase I and Phase II) to
effectiveness (Phase III and Phase IV). Whereas efficacy studies offer information about
diagnostic validity under ideal conditions (i.e. disease status is known), effectiveness
studies offer practical information about the validity of the diagnostic test under usual
conditions in a clinical setting[1]. Because the diagnosis is known in efficacy studies,
their results are not applicable to clinical settings where patients’ diagnoses are unknown
until after the tests are completed and their results interpreted.

Shoulder complaints are the third most common musculoskeletal problem in the general
population, and are second only to knee pain referrals to orthopaedic surgery or primary
care sports medicine [2]. Patients who present with shoulder pain pose diagnostic
challenges for physicians due to the numerous pathologies and the potential for multiple
disorders to exist within the same patient.

Most physicians rely on a thorough history to aid in the diagnosis of shoulder pain and in
fact, the history is a diagnostic test itself; however, to date few studies have evaluated the
accuracy of the history as a diagnostic test. One example by Litaker et al[3],
retrospectively assessed 448 patients suspected of having rotator cuff disease who
underwent magnetic resonance arthrography as the reference standard. They evaluated
the ability of items from the patient history to diagnose rotator cuff tears. They
demonstrated that a history of trauma is not sensitive (36%) in diagnosing rotator cuff
tears; however it is relatively specific (73%) when the patient does not have a rotator
cuff tear. In addition they found that night pain was highly sensitive (87.7%) for
diagnosing rotator cuff tears.

Three important aspects of the history are the presence or absence of certain symptoms,
the duration of symptoms and the mechanism of injury. For example, pain characteristics
such as location, quality, radiation, and aggravating and/or relieving factors are helpful in
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diagnosing the source of shoulder pain and/or disability. Longer symptom duration may
indicate an overuse injury, such as tendinosis, whereas an acute onset of symptoms may
be indicative of an acute or traumatic injury, such as shoulder dislocation. The
mechanism of injury can differentiate between competing diagnoses like anterior versus
posterior instability, or SLAP versus rotator cuff tear. A comprehensive history,
however, also includes characteristics of the patient. For example, since the incidence of
rotator cuff pathology increases with age[4, 5], age is an important component of the
history.

In addition to the history, an abundance of physical examination maneuvers have been
developed for diagnosing shoulder pathology. These maneuvers are a common
component in establishing a diagnosis and determining a treatment plan however, the
accuracy of many of these tests has not been adequately addressed. Several systematic
reviews [6-10] have noted a lack of methodological quality in studies reporting the
accuracy of physical exam maneuvers for diagnosing shoulder pathology. The most
recent reviews [9, 10] have argued for the need for large, well designed studies that
examine the accuracy of numerous physical examination tests for the shoulder. We
performed our own systematic review of the literature to determine the diagnostic validity
of physical examination tests for shoulder pathology, including rotator cuff disease, labral
lesions, instability and acromioclavicular joint abnormalities. Eligible studies were
defined according to design (efficacy versus effectiveness) as Phase I (efficacy), Phase II
(efficacy), or Phase III (effectiveness), and were also reviewed for methodological
quality.

A total of 55 studies were eligible. Only 2% (1/55) of the studies we identified were
classified as Phase III studies [11]. None of the included studies met all of the quality
criteria. We argue that in addition to the need for high quality studies proposed by others,
there is a need to better understand the difference between efficacy and effectiveness
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studies, when each study design is justified and what they can and cannot offer in terms
of applicability to a clinical setting.

The purpose of this paper is to present a proposal for a prospective study to evaluate the
diagnostic validity of clinical examination tests for common disorders of the shoulder
including rotator cuff pathology, labral pathology, and instability.

2.1
2.1.1

Methods
Objectives

Selection of Physical Examination Maneuvers

1) To identify all physical examination maneuvers for the shoulder by performing a
systematic review of the literature
2) To determine the number of physical examination maneuvers to be included in the
full study by performing a modified Delphi procedure with five experts in the
orthopaedic field.
History

1) To determine the sensitivity, specificity and positive and negative likelihood ratio
of patient reported history items for shoulder pathology including items for rotator
cuff pathology, labral pathology (SLAP, instability and other labral lesions), and
AC joint pathology
2) To identify which patient reported history items best predict each of the disease
states. We will then determine the top items for each disease state
3) To identify how often physicians are correct in their diagnosis following history
alone. Additionally we will determine if the physical examination adds to the
clinicians’ confidence in their diagnosis made by the history alone.

Physical Examination
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1)

To determine the sensitivity, specificity, and positive and negative likelihood ratio
of all included physical examination tests for shoulder pathology including tests
for rotator cuff pathology, labral pathology (SLAP, instability and other labral
lesions), and AC joint pathology

2)

To identify the top physical examination maneuvers for each disease state

3)

To determine the likelihood ratio for different combinations of tests for each
disease state and to make a recommendation to clinicians as to the combination of
tests that are most valid (i.e. reduce physician uncertainty) in establishing a
diagnosis.

2.1.2

Study Design and Setting

We will conduct a prospective cohort study recruiting consecutive new patients who
present with shoulder pain to the Fowler Kennedy Sport Medicine Clinic, London Health
Sciences Centre (University Campus) (n = 162) or to St. Joseph’s Healthcare in
Hamilton, Ontario (n = 15), Canada. Each participating physician will identify
potentially eligible patients to the research assistant who will describe the study to the
patient and provide a written Letter of Information and Consent when the patient arrives
for their first consultation. This study was approved by the Health Sciences Research
Ethics Board at the University of Western Ontario, and McMaster University, in Ontario,
Canada (Appendix B).

2.1.3

Patient Eligibility Criteria

The sample of patients selected for study participation must be representative of the
population of patients with shoulder complaints for which the physician would face
diagnostic uncertainty in a typical orthopaedic practice. This includes patients who have
a variety of diagnoses that represent the full spectrum of what would usually be seen in a
typical practice, including patients with and without concomitant pathology and those
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with other shoulder pathology that present with similar symptoms. One method to ensure
that a representative sample is included is to recruit consecutive patients. Thus, our
approach to sampling will include recruiting all new patients with shoulder complaints
who are scheduled for their first consultation with an orthopaedic surgeon. Upon taking a
history (and without review of any prior imaging or tests), the surgeon will provide the
pre-test probability for eight possible diagnoses (see Figure 1).

2.1.4

Selection of Physical Examination Tests

We identified all physical examination tests through a systematic review of the literature.
We used a modified Delphi process to determine which physical examination tests to
include in our study. To do this, we administered an online survey, using Survey Monkey
(©2005 SurveyMonkey.com), to participating surgeons who were asked to identify their
preference to include or exclude each test. The survey included the original description
of the test and any subsequent modifications along with the original and modified
instructions for scoring each test. Next, we tallied the results of this survey and included
tests for which the majority of surgeons indicated that the test should be included,
excluded tests for which the majority of surgeons indicate that the test should not be
included, and produced a second survey for tests for which no majority was reached. In
each case, ‘majority’ was defined as at least 4 of 5 surgeons.

The second survey presented the results of the first survey and identified tests for which
there were discrepancies between surgeons. This survey asked each surgeon to present
arguments for why the test should or should not be included in the study and to reaffirm
their decision. If, following this second survey, any test was still without a majority
decision, a document reproducing the argument for and against including each test was
created and circulated, and a meeting with the surgeons was held until consensus was
reached.
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2.1.5

Clinical Examination Testing

Richardson, Wilson and Guyatt[12] have identified two underlying steps to differential
diagnosis. The first step involves arriving at a list of diagnostic possibilities and their
relative likelihood of being responsible for the patient’s complaints. The first attempt at
listing the possible diagnoses comes from listening to the patient describe the history
behind the symptoms. The relative likelihood, coined the pretest probability, is the
probability that the patient has the disease of interest based on the physician’s experience
with the disease and the signs and symptoms presented by the patient[12].

In the second step, diagnostic tests are performed or administered by the physician and
the results of those tests are used to revise the initial pretest probability to a posttest
probability. The posttest probability is the probability that the patient has the disease of
interest following the results of a diagnostic test[12].

It follows then that the diagnostic process involves a continuum of probabilities between
two thresholds (Figure 2.1); where a probability of 0.50 or 50:50 chance of having the
disease represents the greatest amount of uncertainty, probabilities less than 0.50 indicate
greater certainty that the disease is not the cause of the patient’s symptoms, and
probabilities greater than 0.50 indicate greater certainty that the disease is contributing to
the symptoms. In fact, the clinician’s perception about the probability of having a
specific disease may become sufficiently high that it surpasses the treatment threshold,
such that the physician recommends therapy without further testing. On the other hand,
the clinician’s perception about the probability of having a particular disease may become
sufficiently low that it falls below the test threshold; at which point no further testing is
recommended and the clinician rules out the disease.

The more accurate the diagnostic test, the greater the reduction in uncertainty about the
diagnosis either toward dismissing a particular diagnosis from the list of possibilities or
toward offering treatment for a highly probable disease. Less powerful diagnostic tests
are unlikely to sufficiently change the degree of uncertainty, sometimes necessitating
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more invasive or expensive tests to further reduce uncertainty and reach a final diagnosis.
For example, if physical examination tests cannot differentiate between a significant
SLAP lesion and a rotator cuff tear, the surgeon whose expertise is insufficient to
perform an arthroscopic SLAP repair has essentially just performed a risky, invasive and
expensive diagnostic test by performing the arthroscopic examination without being able
to offer treatment.

In our study, therefore, the physician will take a thorough history including, mechanism
of injury, duration of symptoms, history of shoulder injuries and patient characteristics
such as age, occupation and daily activities. Following the history, the physician will
indicate the pretest probability of eight common shoulder pathologies using a 100mm
visual analogue scale (VAS). These include rotator cuff tendinopathy, rotator cuff tear,
AC joint pathology, SLAP lesion, other labral lesions and instability (anterior, posterior,
or multi-directional each represented by a separate scale).

Patients for whom the physician feels some uncertainty in the diagnosis (i.e. placed a
mark between the two thresholds) will undergo the physical examination tests for those
diagnoses only. For example, if the physician is certain that the patient has instability
without AC joint pathology, though he or she remains uncertain about the direction of
instability, this patient will undergo physical examination tests for instability but will not
undergo the tests for AC joint pathologies. Similarly, the clinician may be certain that
the patient does not have instability (i.e. the pretest probability that the patient has
instability is below the testing threshold) but is uncertain whether the diagnosis is
tendinosis or more severe rotator cuff pathology, a labral lesion or AC joint pathology.
This patient would undergo physical examination tests for tendinosis, rotator cuff tears,
labral lesions and AC joint osteoarthritis but tests for instability would not be performed.

A physical examination glossary (Appendix C) will be made available to all clinicians
that describes the position of the patient and the description of the maneuver. For tests
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that are not typically used in standard practice (i.e. modified test and/or scoring and new
tests), pictures will be provided to assist in the description of the maneuver. We will use
a standardized data collection form that includes the description of how each test is
performed and scored. Additionally, we will train research assistants on how to perform
all physical examination tests and if the clinician is performing the test in a manner other
than that described the research assistant will correct them and provide the description of
the test. Tests will be ordered according to the position of the patient during the test (e.g.
seated, supine, standing) although the clinician will be free to order the tests as he or she
sees fit. A research assistant will be present to ensure that all tests are completed and to
record the results of the test on the data collection form.

The research assistant will remove any imaging studies, reports or other test results from
the patient’s chart so that the clinician performing the tests is not biased in their
interpretation of the physical examination tests. All imaging and other tests including any
reports will be made available to the clinician after the physical examination tests are
complete.

2.1.6

Choice of Reference Standard

One of the most common methodological flaws within the literature of diagnostic validity
studies for shoulder physical examination tests is the exclusion of patients who did not
undergo surgery. Obviously not all patients who present to an orthopaedic practice are
recommended for surgery or elect to undergo recommended surgery. The sample formed
by excluding these two subpopulations from the greater population of patients with
shoulder pain or disability is no longer representative of typical clinical practice. Further,
we might expect that estimates of the accuracy of physical examination tests that are
restricted to patients who ultimately undergo surgical treatment are overly optimistic
since the sample is (perhaps) made up of a non-representative proportion of more
severely affected individuals.
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Thus, this study will include two comparable reference standards. We will use
arthroscopic examination as the reference standard for patients who undergo surgical
treatment within eight months of physical examination, and magnetic resonance imaging
with arthrogram (MRIa) for patients who do not undergo surgery within this timeframe.

We developed a standardized arthroscopic examination and reporting protocol to
minimize differences between surgeons in diagnoses due to variations in methods of
examination (Appendix D) and to minimize any detection bias should the clinician recall
the physical examination or results of imaging or other special tests at the time of
interpreting the surgical examination.

MRIa was chosen as the reference standard over MRI due to its ability to diagnose
disorders of the internal soft tissue structures such as the labrum. The literature has
shown that MRI is not as accurate for diagnosing SLAP tears as MRIa with reported
sensitivities for MRI ranging from 43% - 75% [13-17] and specificities between 58% 70% [14, 15, 17]. MRIa has been shown to be highly sensitive (100% and 82%) and
specific (88% and 100%) for detecting both rotator cuff pathology and labral injuries [18,
19].

In some cases patients will undergo both surgery and an MRIa. For these cases we will
calculate the agreement between these two standards to further justify the use of MRIa as
a second reference standard.

2.1.7

Plan for Statistical Analysis

We will calculate sensitivity and specificity for each test individually including 95%
confidence intervals around these estimates. Sensitivity is calculated by dividing the
number of patients with the disease who had a positive test (true positive) by the total
number of patients with the disease. Specificity is calculated by dividing those without
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the disease who had a negative test (true negative) by the total number of patients without
the disease. We will use these values to calculate positive and negative likelihood ratios
(LR). A positive likelihood ratio is the likelihood that a positive test result is elicited in a
patient with the target disorder compared to the likelihood that a positive test result is
elicited in a patient without the target disorder (sensitivity/(1-specificity)). A negative
likelihood ratio is the likelihood that a negative test result is elicited in a patient with the
target disorder compared to the likelihood that that a negative test result is elicited in a
patient without the target disorder ((1 – sensitivity)/specificity). LRs have advantages
over sensitivity and specificity because they can be calculated for several levels of the
symptom/sign or test, they can be used to combine the results of multiple diagnostic tests
and they can be used to estimate post-test probability for a target disorder all of which is
more useful in a clinical setting. One disadvantage to LRs is that clinicians may be less
familiar with them and they can be difficult to interpret since they are an odd ratio [20].

We will divide the tests into groups according to which disease they tested for. We will
then dummy code these sets of tests to indicate whether one test, two tests or all tests are
positive. We will test whether combinations of the tests improves the ability to diagnose
disease. We will calculate the sensitivity, specificity and likelihood ratio if all tests are
positive, one test is positive, at least one test is positive and so on. Additionally we will
assess whether particular tests can be removed from the set of tests without losing any
diagnostic ability for each disease. Poor indicators of disease will be removed from the
analysis and the change in accuracy measures will be evaluated. This analysis will
determine the appropriate number and combinations of tests for each disease category
that will provide the greatest clinical yield (best combination of sensitivity and specificity
resulting in the highest LR).

2.1.8

Sample Size Estimation

To address our first two hypotheses, we assumed a sensitivity and specificity of at least
0.85 with a 95% confidence interval with a bound of +/- 0.10. Using these parameters a
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sample size of 50 patients for each testing category (AC joint pathology, rotator cuff
pathology, SLAP lesions, other labral lesions, and anterior instability) is required [21].
Since some of these patients may be lost-to-follow-up or drop out, we inflated this
sample size by 10% for a total of 55 patients in each test category.

Since maintaining the distribution of disease severity is crucial to the validity of our
study, we will recruit consecutive patients up to and until the required 55 patients are
recruited for the slowest recruiting disease category. We anticipate that some patients
will have multiple diagnoses (e.g. rotator cuff tear and SLAP lesion), which will mean
that they are counted as disease positive for more than one analysis, thus our sample size
for each disease group is likely to be larger than the required 55 patients tested per
disease group.

2.1.9

Steps Taken to Minimize Bias

We have taken the following 4 steps to minimize bias in our study,
1) Minimization of Disease Progression Bias
Disease progression bias occurs when the time between administration of the reference
standard and the physical examination maneuver is such that the disease of interest has
changed [22]. To avoid disease progression bias, any patient not undergoing surgery
within 8 months of physical examination will undergo an MRIa of the affected shoulder.
Several studies have demonstrated that rotator cuff tears can progress over time [23, 24].
However, both Safran et al. [23] and Yamaguchi demonstrated that only 50% of their
sample had an increase in tear size at greater than 2 years follow-up. Therefore
orthopaedic clinicians with a specialty in shoulder surgery chose 8 months as a time point
they felt was reasonable where disease would not change from the time of initial consult.
In these cases, the MRIa will serve as the reference standard.

2) Minimization of interpretation bias
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Interpretation bias may be present if the results of the test are known by the individual
responsible for interpreting the reference standard or vice versa. As this is a prospective
study, the natural order ensures that clinicians are unaware of what will be found during
surgical examination at the time they perform and interpret physical examination tests.
Since experience is an important influence on how physical examination tests are
performed and interpreted [25-27], the consultant will perform both the physical
examination tests and the surgery. Although this prevents outright blinding of the
clinician to the results of the physical examination at the time they are performing and
interpreting the arthroscopic examination, the volume of patients participating in this
study and the time between physical examination and surgery will reduce the likelihood
that clinicians will recall the results of the physical examination. Clinicians were not
permitted to repeat any component of the physical examination prior to the surgery.
Further, we will standardize the arthroscopic examination to avoid biased approaches to
the examination (i.e. close examination of the suspected source of the problem and little
or no examination of other structures). Finally, a radiologist with expertise in
musculoskeletal imaging who is blind to the results of the physical examination and to
other imaging results or reports will interpret the MRIa of patients who do not undergo
surgical examination.

3) Ensuring a representative sample
We will take three steps to ensure the representativeness of our sample. First, we will
recruit patients consecutively from the practices of three orthopaedic surgeons at different
stages of practice (>15 years, >6 years and <5 years). Second, following a thorough
history, we will assess diagnostic uncertainty for each of the common shoulder disorders
by recording the degree of certainty (or uncertainty) using a figure similar to Figure 2.1
for each disease, and similar to usual practice, the clinician will only perform physical
examination tests for diseases that the clinician feels are possible explanations for the
patient’s complaints.. Third, the entire sample of patients will undergo a reference
standard – either surgery or MRIa since to include only those patients who undergo
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surgery is to include those more likely to test positive on a physical examination test,
providing an overestimate of the sensitivity of the test.

4) Avoidance of Verification Bias
Verification bias occurs when the results of the diagnostic test influence the clinician’s
decision as to which patients undergo the gold standard. We also wish to emphasize that
verification bias is also probable if it is some other test (not the test under evaluation) that
influences the clinician’s decision to recommend the gold standard (depending on the
correlation between the other test and the test being studied).To prevent this type of bias
from influencing our estimates of test validity, all patients for whom diagnostic
uncertainty exists after history taking will undergo either surgery or MRIa to determine a
diagnosis.

2.2 Results
After systematic review of the literature we identified 74 physical examination tests for
shoulder pathology. Following the first round of the modified Delphi survey, 14 tests
were marked as include and 28 tests were marked as exclude. There was a discrepancy
for 32 tests; these were included in the second survey. Following the second survey,
there were 11 tests without a majority decision. Following the third survey round where
surgeons provided free-text arguments for or against the inclusion of the remaining 11
tests and a revote, consensus was reached; nine tests were included and two were
excluded. Therefore, a total of 32 tests will be included in the study. Included tests are
presented in Table 2.1 by shoulder pathology.

One hundred and eighty-nine patients participated in this study. Of these 192 patients, 15
patients did not undergo a reference standard - therefore the remaining 177 patients
comprised the study sample. The pathologies included were rotator cuff tendonitis,
partial thickness tears and full thickness tears both isolated and in combination with one

23

another, anterior and posterior labrum lesions, superior labrum anterior posterior (SLAP)
lesions, biceps pathology and acromioclavicular joint abnormalities.

2.3 Discussion
The applicability of estimates of specificity and sensitivity are highly dependent on the
study design. In terms of evaluating the strength of evidence offered by Phase III studies,
there are four general criteria [28]; 1) the sample must be representative of patients for
whom clinicians would face diagnostic uncertainty, 2) the results of the diagnostic test
cannot influence who undergoes the gold standard, 3) the choice of gold standard must be
appropriate, and 4) person’s responsible for interpreting the gold standard and test under
evaluation must be unaware of each other’s findings at the time of interpretation.

2.3.1

Representativeness of the Sample

Sackett[1] identified four phases in establishing the validity of a diagnostic tool. A
Phase I study asks whether test results in patients with the target disorder differ from
those in normal people. A Phase II study asks whether patients with certain test results
are more likely to have the target disorder than patients with other test results. Because
the diagnosis of patients sampled in Phase I and Phase II studies is known, they provide
insight as to whether the particular physical sign shows promise under ideal
circumstances only. However, the validity of the physical sign cannot be generalized to a
real clinical setting in which the patient’s diagnosis is unknown. Unlike Phase I and
Phase II studies, Phase III diagnostic studies determine whether the diagnostic test can
distinguish among patients with and without the disorder for whom it is clinically
reasonable to suspect that the disease may be present. Phase IV studies include research
to investigate the effectiveness of a screening program using the diagnostic test and are
beyond the scope of this discussion.
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Our question provides valuable information about the diagnostic validity of physical
examination tests as they relate to the history and contribute to accurate diagnosis of
shoulder problems within a clinical setting. Our systematic review of the literature
showed that the majority of literature examining the diagnostic validity of shoulder
examination tests are Phase I or Phase II studies. The few existing Phase III studies did
not meet basic criteria for internal validity and report values of sensitivity and specificity
that are likely to be biased; most probably overestimating the true validity of these
tests[11].
Applicability of the results of the study into clinical practice is more likely when the
prevalence of disease within the sample represents the prevalence of disease within
clinical practice. When the full spectrum of patients for whom the clinician would
normally face diagnostic uncertainty are not represented in the study sample, the
estimates of sensitivity or specificity produced from that study are not valid in the clinical
setting. For example, if the sample of study participants includes only those with more
severe disease, the study will overestimate the sensitivity of the test since the test is more
likely to be positive for these patients. Conversely, if the sample is composed of
individuals who are unlikely to have the disease of interest (i.e. healthy individuals or
individuals that clinicians assign a low probability of having the disease of interest), the
study will overestimate the specificity of the test since the test is more likely to be
negative for these patients.

2.3.2

Strengths and Weaknesses

The strengths of this study include its large sample size, which will enable us to provide
precise measures of the specificity and sensitivity of these tests both individually and in
combination. In addition, this study involves four surgeons in two different cities in
Ontario, Canada, which will increase the applicability of the results to typical tertiary
shoulder practices. Since this project is an initiative of surgeons who are members of a
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large national group there is enormous potential for knowledge transfer in that surgeons
across Canada will use the results to guide practice, teach medical students, residents and
fellows according to their practice and will create a more research friendly atmosphere
with the standardization of tests across Canada.

The limitations of this study include the potential for detection bias since the surgeon
who completes the physical examination will also complete the surgical evaluation. We
have minimized the potential for this source of bias by creating a standardized protocol
for diagnostic shoulder arthroscopy that all surgeons will perform so that all structures
are investigated carefully and reported in a standardized fashion. In addition, the time
delay between the clinical examination tests and surgical evaluation and the large volume
of patients being included in this study reduces the probability that the surgeon will
remember the results of the physical examination at the time of surgical evaluation.

By providing strong evidence for the endorsements of some tests over others we increase
the likelihood that these endorsements will be adopted into the practice of existing
clinicians and become a part of the training of new clinicians. It is also our hope that
through adoption of these endorsements, there will be a decrease in the variability
between specialists in which maneuvers are used during physical examination and how
they are used, all of which will assist in improving the consistency between centers
making it easier to conduct research across multiple centers.
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Table 2.1: Included Tests

General
ROM
Forward
Flexion

Rotator Cuff
Pathology
General
Transdeltoid
Palpation

External
Rotation

Tendinosis
Painful Arc

Internal
Rotation

Hawkins
Kennedy

Labral Lesions

Instability

SLAP
Speeds Test

Anterior
Load and Shift

O’Briens Test
Cross Body

Anterior Slide Test

Apprehension
Test

Adduction Stress
Test

Active Compression
Relocation Test
Compression Rotation
Biceps Load Test I

Strength
External
Rotation
Internal
Rotation

Neers
Impingement

Biceps Load Test II

Supraspinatus
Jobes Test

Resisted Supination
External Rotation

Full Can Test
Infraspinatus
Lateral
Rotation Lag
Subscapularis
Lift Off Test
Belly Press
Test
Internal
Rotation Lag

AC Abnormalities

Other Labral
Kims Test

Surprise/Release
Test
Posterior
Posterior
Apprehension
Modified Barlow
Test
Multidirectional
Sulcus Sign
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Threshold
for
treatment

Threshold
for testing

No testing required as
the disease probability is
below the testing
threshold

The probability is between test and
treatment thresholds and therefore further
testing is required

Figure 2.1 Treatment and Testing Thresholds in the Diagnostic Process

Testing is complete
and treatment begins;
because disease
probability is above
treatment threshold
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Shoulder pain and disability are common symptoms that pose a diagnostic challenge for
physicians owing to the numerous etiologies and the potential for multiple disorders
existing in the same patient. Included among these etiologies are lesions of the rotator
cuff. Neer (1, 2) described rotator cuff disease as a spectrum of disorders categorized
into three stages, progressing from edema and hemorrhage (impingement) of the rotator
cuff tendons to complete tears. These tears almost inevitably involve the supraspinatus
tendon (3), however they may also involve the infraspinatus, teres minor, and/or the
subscapularis. An accurate physical examination that can differentially diagnose
pathology can save a patient from undergoing additional tests that may be costly and
invasive. Unfortunately, the evidence in support of most physical exam tests is weak or
absent (4, 5). Most studies do not meet the methodological requirements to be useful in
a clinical setting (6, 7). Both reviews concluded that a methodologically robust study
was necessary to inform clinical practice.

For a diagnostic study to meet these requirements, three criteria must be met. First, the
sample of patients must be representative of patients for whom clinicians would face
diagnostic uncertainty, including those with varying severity of the disease, those with
isolated disease, those with and without concomitant symptoms, and those with other
diseases that present with similar symptoms.

When the sample selected does not

represent the full spectrum of disease the estimates of sensitivity or specificity produced
from that study will not be valid within a typical practice (8).

Second, the results of the diagnostic test cannot influence which patients undergo the
gold standard test. To better understand this requirement, imagine a situation in which
only those patients who have a positive test result undergo the gold standard. Since the
likelihood of having the disease (a more severe case or isolated disease) is highest in
patients with a positive test, sensitivity would be overestimated (verification bias).

34

Third, the person interpreting the gold standard must be blind to the results of physical
exam tests and other forms of testing (e.g. other physical examination maneuvers,
imaging, etc). If blinding is not adequate, the interpretation of the gold standard is likely
to be influenced by knowing the results of the other tests, most commonly having the
effect of overestimating the performance of the test.

The purpose of this study is to determine the diagnostic validity of physical examination
maneuvers for rotator cuff pathology with the use of a methodologically rigorous and
clinically applicable study.

3.1 Material and Methods
3.1.1

Patient Population

Between May 2007 and November 2008, we recruited consecutive patients from two
tertiary care orthopedic centers. All participants presented to clinic for their first
consultation for complaints about their shoulder. We excluded patients with adhesive
capsulitis or glenohumeral arthritis. All patients gave informed consent. The study was
approved by each centre’s Health Sciences Research Ethics Board.

3.1.2

Identification of Physical Examination Tests

First, we identified existing physical examination tests through a systematic review. In
several instances there were variations in the description of how each test is conducted
and/or how a positive or negative result was defined. We then used a modified Delphi
process whereby we administered a web-based survey, using Survey Monkey (©2005
SurveyMonkey.com), to participating surgeons asked to indicate their preference to
include or exclude each test. The survey included the original description of the test and
scoring and any modifications. Next, we tallied the results of this survey and included
tests for which the majority of surgeons indicated that the test should be included,
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excluded tests for which the majority of surgeons indicate that the test should be
excluded, and produced a second survey for tests for which no majority was reached. A
majority was defined as at least four of the five surgeons.

The second survey presented the results of the first and identified tests for which there
were discrepancies between surgeons. This survey asked each surgeon to present
arguments for why the test should or should not be included and to reaffirm his or her
decision. If, following this second survey, any test was still without a majority decision,
we presented surgeons with a document providing the arguments for and against, and a
meeting with the surgeons was held until consensus was reached.

3.1.3

Clinical Examination Testing

The diagnostic process involves a continuum of probabilities that lie between two
thresholds (Figure 3.1)(8). A probability of 0.50 or 50:50 chance of having the disease
represents the greatest amount of uncertainty, probabilities less than 0.50 indicate greater
certainty that the disease is not the cause of the patient’s symptoms whereas probabilities
greater than 0.50 indicate greater certainty that the disease is contributing.
In fact, the clinician’s perception about the probability of having a specific disease may
become sufficiently high that it surpasses the treatment threshold, such that the physician
recommends therapy without further testing. On the other hand, the clinician’s
perception may become sufficiently low that it falls below the test threshold; at which
point no further testing is recommended and the clinician rules out the disease. The more
accurate the test, the greater the reduction in uncertainty about the diagnosis either toward
dismissing a particular diagnosis from the list of possibilities or toward offering treatment
for a highly probable disease.

To adhere to the diagnostic process, patients completed a detailed questionnaire prior to
their consultation that elicited demographic information, symptoms, and self-reported
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history of their disease. The physician was not provided with the completed
questionnaire. Instead, the physician then took a thorough history and then indicated the
pretest probability for each of the eight shoulder pathologies using a diagnostic threshold
scale to denote their diagnostic uncertainty (see Figure 3.1). If the surgeon indicated
uncertainty below the testing threshold (i.e. certain that the pathology was not playing a
role in the patient’s complaints) or above the treatment threshold (i.e. certain that the
pathology was a contributing factor such that no further testing was necessary) they did
not perform the tests for that disease. Patients for whom the physician faced uncertainty
in the diagnosis (i.e. clinician rated as above the testing but below the treatment
threshold) remained as part of the study group for that diagnosis. For example, if the
clinician was certain that the patient did not have instability but was uncertain whether
the diagnosis was tendinosis or more severe rotator cuff pathology, the patient was
included in the study group for both tendinosis and rotator cuff tears but not for
instability. The diagnoses of interest were rotator cuff pathology, AC joint pathology,
superior labrum anterior posterior (SLAP) lesions, other labral lesions and instability
(anterior, posterior, inferior or multi-directional each represented by a separate scale).
This paper will discuss the results of the physical examination for rotator cuff pathology.
The clinician then performed the physical examination tests relevant to disorders within
the uncertainty threshold. We ensured that the physician performing the physical
examination tests did not review any available imaging studies or reports before
evaluating the patient however, these were made available for review after the maneuvers
were completed and results recorded.

3.1.4

Reference Standard

Arthroscopy and MRI arthrogram (MRIa) were the main reference standards. We
developed a standardized arthroscopic examination and reporting protocol to minimize
differences between surgeons due to variations in methods of examination (Appendix D),
and to minimize any detection bias should the clinician recall the physical examination or
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imaging at the time of interpreting the surgical examination. The clinicians were to look
specifically at the subacromial space, rotator cuff tendons, glenoid labrum,
acromioclavicular joint, biceps tendon, and cartilage surfaces (humeral head and
glenoid).
Although the majority of patients went on to have surgery, some did not require surgery
or opted out. These patients underwent an MRIa with a standardized reporting protocol
as the reference standard. There is good evidence to suggest that MRIa is a comparable
reference standard to arthroscopy. MRIa has been shown to be highly sensitive and
specific for detecting both rotator cuff pathology and labral injuries (9, 10).

3.1.5

Statistical Analysis

To determine sample size, we assumed a sensitivity and specificity of at least 0.85 with a
95% confidence interval with a width of +/- 0.10 (11) yielding an estimate of 50 patients
in each disease category. We inflated the sample size by 10% to account for attrition.
Sensitivity and specificity were calculated for each test individually, including 95%
confidence intervals around these estimates.

These values were used to calculate

positive and negative likelihood ratios (LR). A likelihood ratio is the likelihood that a
test result (positive or negative) is elicited in a patient with the target disorder compared
to the likelihood the same test result is elicited in a patient without the target disorder.
Likelihood ratios indicate the extent that a given diagnostic test result will change the
odds of having the target disorder. A likelihood ratio of 1 has little practical significance,
as the pretest probability of disease is identical to the posttest probability; the clinician’s
impression of the probability of the presence of the target disorder would not change
based on this test result. Likelihood ratios greater than 1 implies that the test result is
associated with the disease: the greater the value, the more likely the disorder is present.
Conversely, likelihood ratios less than 1 indicate that the test result is associated with
absence of disease: the closer it is to 0, the more likely the disorder is absent.
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Next, because we were interested in identifying the tests that accurately diagnose patients
who require surgery versus those who do not, we repeated this analysis after categorizing
patients according to whether existing rotator cuff pathology was surgically repaired or
not. “Repaired” was defined as any manipulation of the rotator cuff that required
suturing. Debridement was not considered a repair. For the eight patients who
underwent an MRIa, an experienced surgeon viewed the MRI and decided whether any
existing rotator cuff pathology was repairable as defined above.

We divided the tests into groups according to the disease they were being tested for. We
dummy-coded these sets of tests to indicate whether one test, two tests or all tests were
positive. We tested whether combinations of tests improve the ability to diagnose. We
calculated the sensitivity, specificity and likelihood ratio if all tests were positive, one test
positive, at least one test positive and so on. Tests that were poor indicators of disease
were removed from the analysis and the accuracy was re-evaluated. This analysis
determined the appropriate number and combinations of tests for each disease category
that provided the greatest clinical yield.

3.2 Results
We included the following physical examination tests for rotator cuff pathology: the
Jobe’s Supraspinatus Test; the Full Can Test; Lift Off Test; Belly Press Test; Internal
Rotation Lag Sign; Lateral Rotation Lag Sign; Painful Arc; Hawkins Kennedy Sign; and
Neer’s Impingement Sign.

There were 192 participants. Of these, 15 patients refused to undergo one of the
reference standard tests or cancelled their test; therefore the remaining 177 patients
comprised the study sample. Thirty-five patients were not suspected of having rotator
cuff disease, and therefore did not undergo rotator cuff testing. One hundred and thirty
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patients underwent physical examination tests for both rotator cuff tears and tendinosis.
Six patients only underwent tests for tendinosis and three patients only underwent tests
for rotator cuff tears. There were 101 males and 38 females with an average age of 46.0 ±
16.0 years. The pathologies related to the rotator cuff are reported in Tables 3.1 and 3.2.
Other pathologies were anterior and posterior labrum lesions, superior labrum anterior
posterior (SLAP) lesions, biceps pathology and acromioclavicular joint abnormalities.

The diagnostic validity measures for all of the studied physical examination tests are
presented in Table 3.3. None of the tests were highly sensitive for diagnosing either
rotator cuff tears or tendinosis. The tests for subscapularis tears were all highly specific
and consequently had high likelihood ratios. As the definition of disease became more
inclusive (i.e. tendinosis to full thickness tears), the sensitivities were reduced and
specificities improved for all tests.

The results of the assessment of combinations of tests are presented in Table 3.4. There
was no optimal combination of tests that improved the sensitivity and specificity for
diagnosing rotator cuff tears. If, however, at least one test for tendinosis was positive, the
sensitivity for detecting full thickness tears was 88.5%.Closer analysis revealed that
removing both the Internal Rotation Lag Sign and Lateral Rotation Lag Sign did not
result in a loss of certainty for diagnosing subscapularis and supraspinatus tears,
respectively (Table 3.5). The ability to detect tears was improved slightly when disease
positive was defined as rotator cuff pathology that was repaired or repairable although
this was minimal (Tables 3.6 and 3.7).

3.3 Discussion
Our study demonstrates that the physical examination tests for rotator cuff pathology are
poor diagnostic indicators of disease. Jobe’s Supraspinatus Test had the best
combination of test properties for diagnosing full thickness tears of the supraspinatus,
with a sensitivity of 71.7% (95%CI 58.4,82.0) and a specificity of 64.6% (95%CI

40

53.6,74.2), although Hawkins-Kennedy Test for impingement had the highest sensitivity
for full thickness tears (80.4%). Both Jobe’s Supraspinatus Test and the Full Can Test
had a positive LR approaching two for the full range of disease severity. None of the
tests for subscapularis tears were sensitive for diagnosing any stage of the disease,
although they were all highly specific.
Neer’s Impingement Sign was the most sensitive for diagnosing tendinosis (68.8% 95%
CI 44.4,85.8), although Hawkins-Kennedy Sign was the most sensitive for all other
degrees of rotator cuff disease. Mechanically, this makes sense: as previous research has
demonstrated that the Hawkins test position results in greater subacromial contact of the
rotator cuff than the Neer’s Sign (12-14). None of the tests for tendinosis had LRs with
values that would suggest that it is a useful test in the clinical setting.
As the definition of “disease positive” became more inclusive (i.e. from including only
full thickness tears to including full thickness tears, partial-thickness tears and
tendinosis), the sensitivity of the tests was reduced and the specificity was improved.
This is a result of an increase in false positives since patients with less severe disease
often demonstrate symptoms. For supraspinatus pathology the likelihood ratio was (not
surprisingly) highest when all tests were positive, compared to when only one test was
positive. This means that when all tests are positive, the clinician can be certain that the
patient has the disease – it does not, however, mean that patients with some negative tests
do not have the disease. We demonstrated that both the Lateral Rotation Lag Sign and
Internal Rotation Lag Sign were very poor indicators of supraspinatus and subscapularis
tears respectively. By removing these tests from our analysis, we found these tests do
not improve diagnostic certainty – that despite their ability to rule in a disease (high
specificity), their ability is no greater than that offered by other tests and the sensitivity of
the Lateral Rotation and Internal Rotation Lag Sign is too low to be useful in ruling out
disease. Thus we recommend abandoning these tests in a clinical setting.
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Our values of sensitivity and specificity are lower than most reported values in the
existing literature. Sackett and Haynes(15) identified a continuum of diagnostic study
architectures ranging from efficacy trials (Phase I and II) to effectiveness trials (Phase
III). A Phase I and II study cannot evaluate a test’s suitability for use in a clinical setting
because they evaluate diagnostic validity in patients with known disease (i.e. disease
negative or positive) and known test outcome (i.e. test negative or positive) respectively
A Phase III study investigates whether the diagnostic test can distinguish between
patients with and without the disorder for whom it was clinically reasonable to suspect
that the disease might be present. While Phase I and Phase II studies offer information
about diagnostic validity under ideal conditions (efficacy), Phase III studies offer
practical diagnostic information about the validity of physical examination tests under
usual conditions in a clinical setting (effectiveness). The majority of published studies
assessing physical examination tests for rotator cuff pathology are Phase II studies.

A major contributing factor that defines whether a study is an efficacy or effectiveness
trial is the sample included. Specifically, for a study to be defined as an effectiveness
trial, the sample of patients must be representative of the population of patients with
shoulder complaints for which the physician would face diagnostic uncertainty in a
typical orthopedic practice. This includes patients with the full spectrum of the disease of
interest, including those with and without concomitant pathology and those with other
shoulder pathology that present with similar symptoms. One method to ensure a
representative sample is to recruit patients consecutively as they present to clinic. We
found that the majority of published diagnostic studies did not select an appropriate
sample and not surprisingly, the reported sensitivities and specificities between studies
are as variable as their samples.

One common error in the selection of participants for studies assessing the validity of a
diagnostic test is to include patients for whom clinicians do not face diagnostic
uncertainty. Many of the studies that we identified in the literature include a proportion
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of patients who are known to be free of the target disorder, considered to have normal
shoulders, or are known to have the target disorder (16-18). For example, in a study by
Gerber et al(17) to validate the Belly Press Test for diagnosing subscapularis tears, the
reported value of sensitivity was extremely encouraging (100%); however the study
included only patients with isolated subscapularis tears. Including patients known to
have the target disorder will overestimate sensitivity of the test by increasing the
proportion of patients with a positive test. In contrast, we found the specificity of the
Belly Press Test to be 50%.

Second, is the exclusion of patients who do not undergo surgery. Although many studies
that made this methodological error included consecutive patients, the sample is no
longer representative once patients who do not undergo surgery are removed because it
excludes those patients for whom the disease was suspected but for whom surgery was
not recommended, or those who opted out of recommended surgery (all likely to have
less severe pathology). By excluding these patients, one increases the proportion of
patients who are more likely to have a positive test (since they have more severe
pathology), thereby overestimating the sensitivity. For example, Park and colleagues
(19) reported the Painful Arc Test to be relatively sensitive for diagnosing impingement
syndrome (73.5%). Despite including a relatively broad spectrum of patients, they
excluded patients who did not undergo diagnostic arthroscopy. In contrast, we found the
sensitivity to be 54.5%.

A third potential reason for our less encouraging results is our standardization of the
arthroscopic investigation. Although we could not blind the clinicians performing
arthroscopy to the diagnosis of the patient, we developed standardized data collection
forms to ensure that all structures were evaluated and reported on. Without this
standardization, surgeons may look more closely when interpreting the gold standard for
pathology suggested by the physical examination and ignore the structures that tested
negatively. Discriminatory evaluation of the gold standard will bias its interpretation in
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favour of the physical exam. For example, we found the sensitivity of the Hawkins and
Neer’s Impingement Tests to be 62.5% and 68.8% respectively whereas MacDonald(20)
reported sensitivities of 88.9% and 77% respectively. The greatest difference between our
study and their study is the potential bias in the interpretation of the gold standard.

A further difficulty in interpreting the findings of the majority of existing publications is
that they solely report the sensitivity and specificity of the tests which are simply
properties of the test and do not assist with clinical decision making. Alternatively,
likelihood ratios are good summaries of diagnostic accuracy, are simpler to interpret, and
are more useful to clinicians since they can be applied to individual patients. Despite their
usefulness, likelihood ratios are rarely reported, and few clinicians are conscious of how
often they use them implicitly in practice (21). For example, a clinician would, in theory,
only send a patient for a test when they believe that there is useful information to be
gained from knowing the results of that test. Only three of the identified studies reported
likelihood ratios (19, 22, 23).

The advantage of likelihood ratios becomes apparent when looking at our study results
for the Lift Off Test. Based on the value for sensitivity (<20%), one might suggest that
the Lift Off Test is extremely poor at ruling out subscapularis disease, however, the
likelihood ratio for this test exceeds five for every category of disease. In other words, if
a patient has a subscapularis tear, they are five times more likely to test positive on the
Lift Off Test, compared to a patient who does not have a tear. This knowledge is
extremely useful to a clinician. Similarly, Jobe’s Test had the best combination of
sensitivity and specificity for supraspinatus tears, however these moderate values result in
a likelihood ratio approaching two – which generate only small shifts in uncertainty.

The strengths of this study include its large sample size, which enable us to provide
precise measures of the specificity, sensitivity, and likelihood ratios of these tests, both
individually and in combination. In addition, this study involves four surgeons in two
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different cities in Ontario, Canada, which will increase the applicability of the results.
Consequently there is enormous potential for knowledge transfer, in that our results will
be used to guide practice, teach medical students, residents and fellows, and will create a
more research friendly atmosphere with the standardization of tests.

The limitations of this study include the potential for detection bias, since the surgeon
who completed the physical examination also completed the surgical evaluation. We
have minimized this source of bias by creating a standardized protocol for the
arthroscopy that all surgeons performed so that all structures were investigated carefully
and reported in a standardized fashion. In addition, the time delay between the clinical
examination and surgical evaluation and the large volume of patients included in this
study reduced the probability that the surgeon remembered the results at the time of
surgical evaluation. Another limitation is that the MRI arthrogram protocol was not
standardized between centres and therefore there is the potential that the quality of the
images may differ. We created a standardized reporting procedure for the MRI to
minimize differences in evaluation of the images.

Based on these study results, clinicians must understand that no test in isolation is
sufficient to diagnose a patient with rotator cuff disease. In particular, we recommend
removing the Internal Rotation and Lateral Rotation Lag Signs from the gamut of
physical examination tests. Performing a combination of tests is more likely to reduce
the uncertainty about diagnosing supraspinatus disease but not subscapularis disease as
any one test is as good as any combination of them. Finally, researchers should report
likelihood ratios, which are more useful in a clinical setting.
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Table 3.3 Diagnostic Values for the Physical Examination Tests for Rotator Cuff
Pathosis
Test
Rotator Cuff Tear
Jobes
FT tears
FT and PT tears
All disease
Full Can Test
FT tears
FT and PT tears
All disease
LR Lag Sign
FT tears
FT and PT tears
All disease
Lift Off Test
FT tears
FT and PT tears
All disease
Belly Press Test
FT tears
FT and PT tears
All disease
IR Lag Sign
FT tears
FT and PT tears
All disease
Painful Arc
Tendinosis
All disease
FT and PT tears
FT tears
Hawkins-Kennedy
Tendinosis
All disease
FT and PT tears
FT tears
Neers
Tendinosis
All disease
FT and PT tears
FT tears

Sensitivity

95% CI

Specificity

95% CI

Positive LR

Negative LR

71.7
65.6
57.8

58.4 to 82.0
52.2 to 74.6
47.1 to 67.9

64.6
64.6
63.3

53.6 to 74.2
52.5 to 75.1
49.3 to 75.3

2.02
1.81
1.57

0.44
0.55
0.67

64.2
58.2
55.4

50.7 to 75.7
46.3 to 69.3
44.7 to 65.6

67.1
67.7
71.4

56.2 to 76.5
55.6 to 77.8
57.6 to 82.2

1.95
1.80
1.94

0.53
0.62
0.62

19.6
15.4
12.4

11.0 to 32.5
8.6 to 26.1
6.9 to 21.3

97.5
97.0
96.0

91.3 to 99.3
89.6 to 99.2
86.5 to 98.9

7.84
5.08
3.09

0.83
0.87
0.91

25.0
21.1
17.5

7.2 to 59.1
8.5 to 433
8.8 to 32.0

95.0
96.3
98.9

89.5 to 97.7
90.9 to 98.6
93.8 to 99.8

4.96
5.68
15.2

0.79
0.82
0.84

50.0
30.0
19.5

21.5 to 78.5
14.6 to 51.9
10.2 to 34.0

95.9
97.3
98.9

90.8 to 98.3
92.3 to 99.1
93.9 to 99.8

12.2
11.0
17.4

0.52
0.72
0.81

0.0
5.3
12.5

0.0 to 32.4
0.94 to 24.6
5.5 to 26.1

96.0
96.5
100.0

90.9 to 98.3
91.3 to 98.6
96.0 to 100

0.0
1.49

1.04
0.98
0.88

37.5
56.9
61.4
66.7

18.5 to 61.4
45.9 to 67.0
49.4 to 72.4
53.0 to 78.0

48.7
61.1
61.4
60.7

39.9 to 57.6
47.8 to 73.0
49.7 to 72.0
50.0 to 70.5

0.73
1.46
1.60
1.70

1.28
0.71
0.63
0.55

62.5
72.8
75.8
80.4

38.6 to 81.5
62.3 to 81.3
64.2 to 84.5
67.5 to 89.0

37.0
51.9
42.5
47.6

28.8 to 45.9
38.9 to 64.6
32.3 to 53.4
37.3 to 58.2

0.99
1.51
1.32
1.54

1.01
0.52
0.57
0.41

68.8
67.5
67.2
72.0

44.4 to 85.8
56.6 to 76.8
55.0 to 77.4
58.3 to 82.5

34.8
37.0
35.7
38.1

26.8 to 43.7
25.4 to 50.4
25.5 to 47.4
28.5 to 48.8

1.05
1.07
1.05
1.16

0.90
0.88
0.92
0.74
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Table 3.4 Diagnostic Validity of the Combination of Physical Examination
Maneuvers

Supraspinatus Tears
FT Tears
At least 1 positive
At least 2 positive
All 3 positive
All Tears
At least 1 positive
At least 2 positive
All 3 positive
Subscapularis Tears
FT Tears
At least 1 positive
At least 2 positive
All 3 positive
All Tears
At least 1 positive
At least 2 positive
All 3 positive
Tendinosis
Tendinosis
At least 1 positive
At least 2 positive
All 3 positive
All disease
At least 1 positive
At least 2 positive
All 3 positive
FT tears
At least 1 positive
At least 2 positive
All 3 positive

Sensitivity

95% CI

Specificity

95% CI

Positive LR

Negative LR

73.6
62.3
18.9

60.4 to 83.6
48.8 to 74.1
10.6 to 31.4

57.5
73.8
98.8

46.6 to 67.7
63.2 to 82.1
93.3 to 99.8

1.73
2.37
15.09

0.46
0.51
0.82

67.2
55.2
14.9

55.3 to 77.2
43.4 to 66.5
8.3 to 25.3

57.6
74.2
98.5

45.6 to 68.8
62.6 to 83.3
91.9 to 99.7

1.58
2.14
9.85

0.57
0.60
0.86

50.0
25.0
0.0

21.5 to 78.5
7.2 to 59.1
0.0 to 32.4

92.8
96.8
97.6

86.9 to 96.2
92.1 to 98.8
93.2 to 99.2

6.94
7.81
0.0

0.54
0.78
1.03

35.0
15.0
5.0

18.1 to 56.7
5.2 to 36.0
0.89 to 23.6

94.7
97.4
98.2

88.9 to 97.5
92.5 to 99.1
93.8 to 99.5

6.59
5.65
2.83

0.69
0.87
0.97

75.0
62.5
31.3

50.5 to 89.8
38.6 to 81.5
14.2 to 55.6

21.7
38.3
62.5

15.2 to 29.9
30.1 to 47.3
53.6 to 70.7

0.96
1.01
0.83

1.15
0.98
1.10

80.5
68.3
45.1

70.6 to 87.6
57.6 to 77.4
34.8 to 55.9

25.9
48.2
75.9

16.1 to 38.9
35.4 to 61.2
63.1 to 85.4

1.09
1.32
1.87

0.75
0.66
0.72

88.5
73.1
51.9

77.0 to 94.6
59.8 to 83.2
38.7 to 64.9

28.6
45.2
72.6

20.0 to 39.0
35.0 to 55.9
62.3 to 81.0

1.24
1.33
1.90

0.40
0.60
0.66
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Table 3.5 Diagnostic Validity of the Combination of tests with the LR and IR Lag
Sign Removed

Supraspinatus Tears
FT Tears
At least 1 positive
2 positive
All Tears
At least 1 positive
2 positive
Subscapularis Tears
FT Tears
At least 1 positive
2 positive
All Tears
At least 1 positive
2 positive

Sensitivity

95% CI

Specificity

95% CI

Positive LR

Negative LR

73.6
62.3

60.4 to 83.6
48.8 to 74.1

57.5
74.7

46.6 to 67.7
64.1 to 83.0

1.73
2.46

0.46
0.51

67.2
55.2

55.3 to 77.2
43.4 to 66.5

57.6
75.8

45.6 to 68.8
64.2 to 84.5

1.58
2.28

0.57
0.59

50.0
25.0

21.5 to 78.5
7.2 to 59.1

93.6
97.6

87.9 to 96.7
93.2 to 99.2

7.81
10.42

0.53
0.77

35.0
15.0

18.1 to 56.7
5.2 to 36.0

95.6
98.2

90.1 to 98.1
93.8 to 99.5

7.91
8.48

0.68
0.87
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Table 3.6 Diagnostic Values for the Physical Examination Tests for Rotator Cuff
Pathosis that were Surgically Repaired
Test
Sensitivity
Repairable Rotator Cuff Tear
Jobes
67.2
Full Can Test
62.1
LR Lag Sign
15.8
Lift Off Test
27.3
Belly Press Test
33.3
IR Lag Sign
0.0
Painful Arc
66.1
Hawkins-Kennedy
78.6
Neers
69.1

95% CI

Specificity

95% CI

Positive LR

Negative LR

54.4 to 77.9
49.2 to 73.4
8.5 to 27.4
9.8 to 56.6
13.8 to 60.9
0 to 24.3
53.0 to 77.1
66.2 to 87.3
56.0 to 79.7

63.5
67.6
96.0
95.7
95.8
95.8
62.0
48.1
36.7

52.1 to 73.6
56.3 to 77.1
88.9 to 98.6
90.4 to 98.2
90.5 to 98.2
90.6 to 98.2
51.0 to 71.9
37.4 to 59.0
26.9 to 47.7

1.84
1.91
3.95
6.38
7.87
0.0
1.74
1.51
1.09

0.52
0.56
0.88
0.76
0.70
1.04
0.55
0.45
0.84
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Table 3.7 Diagnostic Values for the Physical Examination Tests for Rotator Cuff
Pathosis that were Surgically Repaired
Test
Sensitivity
Repairable Rotator Cuff Tear
Supraspinatus Tests (No LR lag sign)
At least 1 positive 70.7
2 positive 58.6
Subscapularis Tests (No IR lag sign)
At least 1 positive 41.7
2 positive 16.7
Impingement Tests
At least 1 positive 86.0
At least 2 positive 71.9
3 positive 50.9

95% CI

Specificity

95% CI

Positive LR

Negative LR

58.0 to 80.8
45.8 to 70.4

57.3
74.7

46.1 to 67.9
63.8 to 83.1

1.66
2.31

0.51
0.55

19.3 to 68.1
4.7 to 44.8

94.2
97.5

88.5 to 97.2
93.0 to 99.2

7.20
6.72

0.62
0.86

74.7 to 92.7
59.2 to 81.9
38.3 to 63.4

27.9
45.6
73.4

19.2 to 38.6
35.1 to 56.5
62.8 to 81.9

1.19
1.32
1.91

0.50
0.62
0.67
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Threshold
for
treatment

Threshold
for testing

No testing required as
the disease probability is
below the testing
threshold

The probability is between test and
treatment thresholds and therefore further
testing is required

Figure 3.1: Treatment and Testing Thresholds in the Diagnostic Process

Testing is complete
and treatment begins;
because disease
probability is above
treatment threshold
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Snyder and colleagues 1 first coined the term SLAP lesion to describe injuries to the
superior labral complex that extend from anterior to posterior. They defined these lesions
into four types of lesions Type I (degeneration and fraying) through IV (bucket handle
tear extending into the biceps tendon), based on arthroscopic findings. Several
investigators have since expanded this definition to include Type V to Type X lesions 2, 3,
although these are rarely described in the literature. Of these, Type I and II lesions are
most commonly observed in patients 1, 4-6.

The prevalence of SLAP lesions has been reported to be as high as 26%, and as low as
6% 7, 8. SLAP lesions are rarely found in isolation, most commonly observed in
combination with other pathology. Snyder 7 found that 72% of their patients with SLAP
lesions had other associated lesions. For this reason, SLAP lesions are often difficult to
diagnose. Pinto and Snyder suggest that conservative management of SLAP lesions is
unsuccessful in most patients9, and so it is important that SLAP lesions do not go
undiagnosed. Additionally, it is important to be able to differentiate SLAP lesions from
associated pathology and normal variations of the superior labral complex anatomy, to
create an appropriate surgical plan for the patient. More specifically, SLAP lesions
require an arthroscopic procedure and consequently a significant amount of precision to
repair, which can significantly increase surgical time if the repair is unplanned (i.e., the
lesion is only found intra-operatively)10. Additionally repairing a SLAP lesion requires
the expertise to do so, which means that a surgeon without such competence may be
faced with the decision to either leave the lesion unrepaired (which has the potential to
produce symptoms in the future), or to refer the patients for additional surgery with
another surgeon. Thus, patient history, physical examination, and diagnostic imaging are
important to improve patient management and outcome. As imaging can be invasive and
costly, accurate physical examination tests would be an ideal component in the diagnosis
of SLAP lesions. Three systematic reviews assessing the accuracy of physical
examination maneuvers for SLAP lesions 11-13 established that there is no strong evidence
to support the use of physical examination tests for SLAP lesions. Most studies did not
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meet the criteria for internal validity, and therefore report values of sensitivity and
specificity that may be biased; most probably overestimating the true validity of these
tests14, 15.

Three criteria must be met for a diagnostic study to be considered robust: 1) the sample of
patients must be representative of patients for whom clinicians would face diagnostic
uncertainty; 2) the results of the diagnostic test cannot influence which patient undergoes
the gold standard test; and 3) the person interpreting the gold standard must be blind to
the results of physical exam tests, and other forms of testing. We discussed these in
greater detail, in an earlier publication16. Although not a criteria for internal validity,
Mirkovic 13 also noted that the majority of clinical tests for SLAP lesions that reported
high levels of accuracy were published by the authors who designed the test. Mirkovic
suggested that these study results should be replicated before endorsing the test for
clinical use. All three reviews concluded that a methodologically robust study was
necessary to inform clinical practice.

The purpose of this study was to determine whether existing physical examination tests
can diagnose SLAP lesions accurately in patients who present with shoulder pathology.
Additionally, we will determine the ability of these tests to distinguish between SLAP
lesions that are repairable and those that are not. The findings of this study will inform
clinicians which of these physical examination maneuvers are most appropriate to
discriminate shoulder pathologies as well as which are most efficient at predicting
surgical repair.

4.1 Materials and Methods
4.1.1

Patient Population

Between May 2007 and November 2008, we recruited consecutive patients from two
tertiary care centres that specialize in orthopedics. All participants presented to clinic for
their first consultation to address their complaints of shoulder pain or disability. We
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excluded patients with adhesive capsulitis or glenohumeral arthritis. All patients gave
informed consent, and the study was approved by each centre’s Health Sciences Research
Ethics Board.

4.1.2

Identification of Physical Examination Tests

We identified existing physical examination tests through a systematic review of the
literature. In several instances there were variations in the description of how each test
was to be conducted and/or how a positive or negative test result was defined. Thus, we
used a modified Delphi process whereby we administered an online survey, using Survey
Monkey (©2005 SurveyMonkey.com), to participating surgeons to identify their
preference to include or exclude each test. The survey included the original description
of the test and any subsequent modifications along with the original and modified
instructions for scoring each test. Next, we tallied the results of this survey and included
tests for which the majority (at least 4 out of 5) of surgeons indicated that the test should
be included, excluded tests for which the majority (at least 4 out of 5) of surgeons
indicated that the test should not be included, and produced a second survey for tests for
which no majority was reached.

The second survey presented the results of the first survey and identified tests for which
there were discrepancies between surgeons. This survey asked each surgeon to present
arguments for why the test should or should not be included in the study and to reaffirm
their decision. If, following this second survey, any test was still without a majority
decision, a document reproducing the argument for and against including each test was
created and circulated, and a meeting with the surgeons was held until consensus was
reached.
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4.1.3

Clinical Examination Testing

The diagnostic process involves a continuum of probabilities that lie between two
thresholds (Figure 4.1)17. A probability of 0.50 or 50:50 chance of having the disease
represents the greatest amount of uncertainty, probabilities less than 0.50 indicate greater
certainty that the disease is not causing the patient’s symptoms and probabilities greater
than 0.50 indicate greater certainty that the disease is contributing to the symptoms.
In fact, the clinician’s perception about the probability of having a target disorder may
become sufficiently high that it surpasses the treatment threshold, such that the physician
recommends treatment without further testing. On the other hand, the clinician’s
perception about the probability of having a target disorder may become sufficiently low
that it falls below the test threshold; at which point the clinician rules out the disease and
no further testing is recommended. The more accurate the diagnostic test, the greater the
reduction in uncertainty about the diagnosis either toward rejecting a particular diagnosis
or toward offering treatment for a highly probable disease. Less powerful diagnostic tests
are unlikely to sufficiently change the degree of uncertainty, sometimes necessitating
more invasive or expensive tests to further reduce uncertainty and reach a diagnosis.

To adhere to the diagnostic process, patients completed a detailed questionnaire prior to
their consultation that elicited demographic information, symptoms, and history of their
disease. The physician was not provided with the completed questionnaire. Instead, the
physician then took a thorough history including, mechanism of injury, duration of
symptoms, history of shoulder injuries and patient characteristics such as age, occupation
and daily activities.

Following the history, the physician indicated the pretest probability for each of the eight
shoulder pathologies(tendinosis, rotator cuff tears, SLAP lesions, other labral lesions,
anterior instability, posterior instability, multidirectional instability and acromioclavicular
abnormalities) using a diagnostic threshold scale to denote their diagnostic uncertainty
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(see Figure 4.1). If the surgeon indicated that they were below the testing threshold (i.e.
certain that the pathology was not playing a role in the patient’s complaints) or above the
treatment threshold (i.e. so certain that the pathology was a contributing factor that no
further testing was necessary) they did not perform the tests for that disease. Patients for
whom the physician faced uncertainty in the diagnosis (i.e. clinician rated as above the
testing threshold but below the treatment threshold) remained as part of the study group
for that diagnosis. For example, if the clinician was certain that the patient did not have
instability but was uncertain whether the diagnosis was labral pathology, the patient was
included in the study group for labral pathology but not for instability. The diagnoses of
interest were rotator cuff pathology, AC joint pathology, SLAP lesion, other labral
lesions and instability (anterior, posterior, inferior or multi-directional each represented
by a separate scale). This paper will discuss the results of the physical examination for
the superior labral anterior posterior complex only.

The clinician then performed the physical examination tests relevant to disorders within
the uncertainty threshold. We ensured that the physician performing the physical
examination tests did not review any available imaging studies or reports before
evaluating the patient however, these were made available for review after the maneuvers
were completed and results recorded.

4.1.4

Reference Standard

Arthroscopic examination and MRI arthrogram were the main reference standards. We
developed a standardized arthroscopic examination and reporting protocol to minimize
differences between surgeons in diagnoses due to variations in methods of examination
(Appendix D) and to minimize any detection bias should the clinician recall the physical
examination or results of imaging or other special tests at the time of interpreting the
surgical examination. The clinicians were to look specifically at the subacromial space,
rotator cuff tendons, glenoid labrum, acromioclavicular joint, biceps tendon, and
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cartilage. Although the majority of patients went on to have surgery, some did not
require surgery or opted out of recommended surgery. These patients underwent a MRI
arthrogram with a standardized reporting protocol as the reference standard.

Since the

literature has shown that MRI alone is not as accurate for diagnosing SLAP tears with
reported sensitivities for simple MRI ranging from 43% - 75% 18-22 and specificities
between 58% - 70% 19, 20, 22 we included arthrogram. There is good evidence to suggest
that MRI arthrogram is a comparable reference standard to arthroscopy for labral injuries
23, 24

. MRI arthrogram has been shown to be highly sensitive (100% and 82%) and

specific (88% and 100%) for detecting SLAP injuries 23, 24.

4.1.5

Statistical Analysis

To determine an appropriate sample size we assumed a sensitivity and specificity of at
least 0.85 with a 95% confidence interval with a width of +/- 0.10 (24). Using these
parameters a sample size of 50 patients tested in each disease category (AC joint
pathology, rotator cuff pathology, SLAP lesions, other labral lesions, and anterior
instability) was required. Since some patients may be lost-to-follow-up or drop out, we
inflated the sample size by 10% for a total of 55 patients tested for each disease category.

Sensitivity and specificity were calculated for each test individually including 95%
confidence intervals around these estimates. Sensitivity was calculated by dividing the
number of patients with the disease who had a positive test by the total number of
patients with the disease. Specificity was calculated by dividing those without the
disease who had a negative test by the total number of patients without the disease.
These values were used to calculate positive and negative likelihood ratios (LR). A
likelihood ratio is the likelihood that a test result (positive or negative) is elicited in a
patient with the target disorder compared to the likelihood the same test result is elicited
in a patient without the target disorder. The positive likelihood ratios were calculated by
dividing the sensitivity of the test by 1 – specificity. Conversely, the negative likelihood
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ratio was calculated by dividing 1 – sensitivity by the test’s specificity. Likelihood ratios
indicate the extent that a given diagnostic test result will change the odds of having the
target disorder. A likelihood ratio of 1 has little practical significance, as the pretest
probability of disease is the same as the posttest probability; the clinician’s impression of
the probability of the presence of the target disorder would not change based on this test
result. Likelihood ratios greater than 1 increase the probability that the test result is
associated with the disease: the greater the value, the more likely the target disorder is
present. Conversely, likelihood ratios less than 1 indicate that the test result is associated
with absence of disease: the closer it is to 0, the less likely the target disorder is present.
Because we are interested in determining tests that accurately diagnose patients who
require surgery versus those who do not, we categorized patients according to whether
existing superior labral pathology was surgically repaired or not repaired. Repaired was
defined as any manipulation of the superior labral complex that required suturing.
Debridement was not considered a repair. For those patients who underwent an MRI
arthrogram an experienced surgeon viewed their images and decided whether any
existing superior labral pathology was repairable as defined above. This was required for
eight of 37 patients who underwent MRI arthrogram in this study. We then calculated
sensitivity, specificity and likelihood ratios with disease positive defined as a repair of the
superior labral complex.

We dummy-coded the set of tests to indicate when at least one, two, three, four, five, six,
or all tests were positive. We tested whether combinations of the tests improves the
ability to diagnose disease. We calculated the sensitivity, specificity and likelihood ratio
if all tests were positive, at least one test is positive and so on. This analysis will
determine the appropriate number and combinations of tests that will provide the greatest
clinical yield.
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4.2 Results
The surgeons selected the following physical examination tests for superior labral
pathology: Speed’s test26, the Anterior Slide test27, the Active Compression test
(O’Brien’s)28, and the Compression Rotation test1. We included the Biceps Load Test (I
and II)5, 6, and the Resisted Supination External Rotation test29 as these tests were newly
reported in the literature at the time of our study.

One hundred and ninety patients participated in this study. Of these 192 patients, 15
patients refused to undergo one of the reference standard tests or cancelled their
scheduled test; therefore the remaining 175 patients comprised the study sample. Eighty
two patients were not suspected of having superior labral disease and therefore did not
undergo SLAP testing. Ninety three patients underwent physical examination tests for
SLAP lesions. There were 64 males and 29 females with an average age of 33.8 ± 14.3.
The types of lesions related to the superior labral complex were Type I (13), II (12), III
(1) and V (4) lesions. Similar to the reported literature, the majority of these lesions were
in combination with other pathology (Table 4.1). Other pathologies were anterior or
posterior labrum lesions, rotator cuff pathology, biceps pathology and acromioclavicular
joint abnormalities.

The diagnostic validity measures for all of the studied physical examination tests are
presented in Table 4.2. When using the presence of a SLAP lesion (Type I – V) as
disease positive, none of the tests under evaluation were sensitive although they were
moderately specific. When disease positive was defined as the SLAP lesion being
repaired , the sensitivity of all tests except for the Compression Rotation and Resisted
Supination External Rotation improved although not by a substantial amount (Table 4.3).
This finding was similar for the specificity of the tests except for the Anterior Slide and
Active Compression test. Although this is the case, none of the tests were found to be
clinically useful for predicting repairable SLAP lesions as all of the likelihood ratios were
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close to one. There was no optimal combination of tests that improved the sensitivity and
specificity for diagnosing repairable SLAP lesions (Table 4.4).

4.3 Discussion
Our study demonstrates that the physical examination tests for SLAP lesions are poor
diagnostic indicators of disease. No test had a value of sensitivity exceeding 40%. When
using SLAP repaired as disease positive the active compression test had the greatest
combination of test properties with a sensitivity of 38.7% (95%CI28.5,50.0) and a
specificity of 70.6% (95%CI46.9,86.7). The Compression Rotation test was found to be
the most clinically useful with a likelihood ratio approaching two.

Our values of sensitivity and specificity are lower than most reported values in the
existing literature. There are several reasons that may explain the inconsistency between
our study and others. One reason is that our study includes patients for whom there is
diagnostic uncertainty. This is an important feature of the present study methodology –
patients with the full spectrum of the disease of interest should be included in the sample,
including those with and without concomitant pathology, and those with other shoulder
pathology that present with similar symptoms. In the existing literature a substantial
proportion of studies include patients for which the clinician does not face diagnostic
uncertainty. For example, in a study by Kibler27 to validate the Anterior Slide test for
diagnosing SLAP lesions, the reported value of specificity was extremely encouraging
(91.5%), but the study included a large proportion (44%) of patients that did not have
shoulder complaints or were considered to have normal shoulders. Including patients
known to be disease-free will overestimate specificity by increasing the proportion of
patients with a negative test. In contrast, we found the specificity of the Anterior Slide
test to be 73.8%.

Another common error that we identified in many of the published studies is the
exclusion of patients that do not undergo surgery. By limiting the sample to only those
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who undergo surgery, a study excludes those patients for whom surgery was not
recommended or those who elect not to undergo surgery (all of whom are likely to have
less severe pathology). By excluding these patients, one increases the proportion of
patients who are more likely to have a positive test (since they have more severe
pathology) thereby overestimating the sensitivity. For example, Bennett 26 reported the
Speed’s test to be highly sensitive for diagnosing SLAP lesions (90.0%). Ardic30 whom
used simple MRI as the gold standard reported a less promising sensitivity of 60.0% In
contrast, we included patients undergoing either surgery or MRI arthrogram and found
the sensitivity of this test to be 27.6%.

Although not a criteria for internal validity, it has been noted that there is a tendency for
manuscripts reporting on the development of a physical examination test to report high
levels of accuracy 31. This phenomenon has been demonstrated in studies reporting on
the validity of physical examination tests for SLAP lesions 13. We selected three
recently-developed tests – the Biceps Load I6, Biceps Load II5 and the Resisted
Supination External Rotation Test29 – in an attempt to replicate the encouraging results
found by their originators. Reports by the test developers have demonstrated very high
values of sensitivity (90.9%, 89.7%, 82.8% respectively). Our results were not nearly as
positive with values of sensitivity of 10.3%, 27.6% and 14.3% respectively. These
results improved when we defined disease positive as surgically repaired superior labral
pathology, but they still did not exceed 30%. This demonstrates the need to replicate the
results of studies reporting high values of sensitivity and specificity as they may lead a
clinician to inappropriately adopt these tests into practice. Until these tests are critically
evaluated, investigators should refrain from developing new tests. Additionally,
clinicians should be aware of the limitations of the literature reporting on the validity of
these physical examinations in arriving at timely and appropriate diagnoses, as well as
successful subsequent management of these lesions.
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Surgical management is the most common therapy for treatment of SLAP lesions.
Arthroscopic debridement yields inconsistent results therefore SLAP lesion repair has
become standard treatment. Various methods of fixation have led to successful
functional results however some patients, in particular active patients, report lower levels
of satisfaction with this procedure 32. More recently shoulder surgeons have been
performing biceps tenodesis as a treatment option for these patients. Additionally this
procedure can be used as a salvage procedure for failed SLAP repairs. Diagnostic tools
need to be able to identify these lesions to avoid a delay in treatment.

Additionally, it is

necessary that any examination be sensitive enough to differentiate between concomitant
pathology considering the majority of SLAP lesions are seen with associated lesions. For
instance, if a patient is diagnosed with a rotator cuff tear, and gets booked for a rotator
cuff repair, a particular amount of time is set aside for this intervention. If, during the
procedure, a SLAP lesion is unexpectedly encountered, this can add significant surgical
time to the procedure. Alternatively, if the patient is booked for a rotator cuff tear with a
possible SLAP repair, and they do not have the SLAP lesion, the surgeon will have
committed surgical time that could have been used elsewhere. Therefore an undiagnosed
SLAP lesion can result in either running behind or ahead of schedule in the operating
room resulting in an inefficient use of resources. In some cases, depending on the
institution or even the health care system, penalties are applied to the clinician’s practice
for running over the scheduled operating room time.

This study involved four surgeons in two different cities in Ontario, Canada, which will
increase the applicability of the results. Since this project is an initiative of surgeons who
are members of a large national group, there is enormous potential for knowledge
transfer, in that surgeons will use the results to guide practice, teach medical students,
residents and fellows according to their practice. With the standardization of tests a more
research-friendly atmosphere can be created.
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The limitations of this study include the potential for detection bias since the surgeon
who completes the physical examination will also complete the surgical evaluation. We
have minimized the potential for this source of bias by creating a standardized protocol
for diagnostic shoulder arthroscopy that all surgeons will perform, so that all structures
are investigated carefully and reported in a standardized fashion. In addition, the time
delay (average 4 months) between the clinical examination tests and surgical evaluation
and the large volume of patients being included in this study reduces the probability that
the surgeon will remember the results of the physical examination at the time of surgical
evaluation. Another limitation is that the MRI arthrogram protocol was not standardized
between centres and therefore there is the potential that the quality of the images may
differ. We created a standardized reporting procedure for the MRI to minimize
differences in evaluation of the images.

Based on these study results, clinicians must understand that no test in isolation is
sufficient to diagnose a patient with a SLAP lesion. Performing a combination of tests
will more likely help a clinician diagnose SLAP lesions, although the magnitude of the
improvement is minimal. Based on the study results these authors would caution
clinicians who place confidence in the physical examination tests for SLAP lesions.
Additionally, clinicians should be aware of the pitfalls of the majority of published
studies that evaluate the diagnostic validity of shoulder examination tests for SLAP
lesions. Clinicians must ensure that tests have undergone rigorous testing before
adopting them into practice. We suggest that clinicians rely on diagnostic imaging to
confirm this diagnosis as none of the physical examination maneuvers were found to be
clinically useful.
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Table 4.2 Diagnostic Values for the Physical Examination Tests for Superior Labral
Anterior Posterior Complex

Test
Speed’s
Anterior Slide
Active Compression
Compression Rotation
Biceps Load I
Biceps Load II
Resisted Supination ER

Sensitivity
27.6
20.0
33.3
13.8
10.3
27.6
14.3

95% CI
14.7 to 45.7
9.5 to 37.3
19.2 to 51.2
5.5 to 30.6
3.6 to 26.4
14.7 to 45.7
5.7 to 31.5

Specificity
71.0
73.8
61.3
92.6
87.0
77.8
80.8

95% CI
58.7 to 80.8
61.6 to 83.2
48.9 to 72.4
82.5 to 97.1
75.6 to 93.6
65.1 to 86.8
68.1 to 89.2

Positive LR
0.95
0.76
0.86
1.8
0.80
1.24
0.743

Negative LR
1.02
1.08
1.09
0.93
1.03
0.93
1.06

72

Table 4.3 Diagnostic Values for the Physical Examination Tests for Superior Labral
Anterior Posterior Complex Repaired vs. Not Repaired

Test
Speed’s
Anterior Slide
Active Compression
Compression Rotation
Biceps Load I
Biceps Load II
Resisted Supination ER

Sensitivity
29.3
25.7
38.7
10.5
11.9
25.4
16.9

95% CI
20.2 to 40.4
17.1 to 36.7
28.5 to 50.0
5.2 to 20.0
6.2 to 21.8
16.5 to 36.9
9.7 to 27.8

Specificity
70.6
82.4
70.6
93.8
87.5
81.3
81.3

95% CI
46.9 to 86.7
59.0 to 93.8
46.9 to 86.7
71.7 to 98.9
64.0 to 96.5
57.0 to 93.4
57.0 to 93.4

Positive LR
1.00
1.46
1.32
1.67
0.96
1.35
0.90

Negative LR
1.00
0.90
0.87
0.96
1.01
0.92
1.02

73

[Type a quote from the
document or the
summary of an
Table 4.4 Diagnostic Validity of the Combination of Physical Examination Maneuvers

interesting point. You
can position the text

At least 1 positive
At least 2 positive
At least 3 positive
At least 4 positive
At least 5 positive
At least 6 positive
All positive

Sensitivity

95% CI

Specificity

95% CI

Positive LR

Negative
LR
box anywhere
in the

58.7
46.1
23.7
13.2
5.3
4.0
1.3

47.4 to 69.1
35.3 to 57.2
15.5 to 34.4
7.3 to 22.6
2.1 to 12.8
1.4 to 11.0
0.3 to 7.1

47.1
64.7
76.5
88.2
94.1
100.0
100.0

26.2 to 69.0
41.3 to 82.7
52.7 to 90.4
65.7 to 96.7
73.0 to 99.0
81.6 to 100.0
81.6 to 100.0

1.11
1.31
1.01
1.12
0.90

0.88
0.83
1.00
0.98
1.01
0.96
0.99

document. Use the
Text Box Tools tab to
change the formatting
of the pull quote text
box.]

73

74

4.4 References
1. Snyder SJ, Karzel RP, Del Pizzo W, Ferkel RD, Friedman MJ. SLAP lesions of the
shoulder. Arthroscopy. 1990;6(4):274-9.

2. Maffett MW Gartsman GM Moseley,B. Superior labrum-biceps tendon complex
lesions of the shoulder. Am J Sports Med. 1995;23(1):93-8.

3. Powell SE, Nord KD, Ryu RKN. The diagnosis, classification, and treatment of SLAP
lesions. Oper Tech Sports Med 2004;12:99-110.

4. Holtby R, Razmjou H. Accuracy of the Speed's and Yergason's tests in detecting
biceps pathology and SLAP lesions: comparison with arthroscopic findings. Arthroscopy.
2004;20(3):231-6.

5. Kim SH, Ha KI, Ahn JH, Kim SH, Choi HJ. Biceps load test II: A clinical test for
SLAP lesions of the shoulder. Arthroscopy. 2001;17(2):160-4.

6. Kim SH, Ha KI, Han KY. Biceps load test: a clinical test for superior labrum anterior
and posterior lesions in shoulders with recurrent anterior dislocations. Am J Sports Med.
1999;27(3):300-3.

7. Snyder SJ, Banas MP, Karzel RP. An analysis of 140 injuries to the superior glenoid
labrum. J Shoulder Elbow Surg. 1995;4(4):243-8.

8. Kim TK, Queale WS, Cosgarea AJ, McFarland EG. Clinical features of the different
types of SLAP lesions: an analysis of one hundred and thirty-nine cases. Superior labrum
anterior posterior. J Bone Joint Surg Am. 2003;85-A(1):66-71.

75

9. Pinto MC SS. SLAP lesions: Operative techniques and management. Oper Tech
Orthop. 2001;11(1):30-7.

10. Gachter A, Seelig W. Arthroscopy of the shoulder joint. Arthroscopy. 1992:
8(1):89-97

11. Hegedus EJ, Goode A, Campbell S, Morin A, Tamaddoni M, Moorman CT,3rd, et al.
Physical examination tests of the shoulder: a systematic review with meta-analysis of
individual tests. Br J Sports Med. 2008;42(2):80-92.

12. Luime JJ, Verhagen AP, Miedema HS, Kuiper JI, Burdorf A, Verhaar JA, et al. Does
this patient have an instability of the shoulder or a labrum lesion?. JAMA.
2004;292(16):1989-99.

13. Mirkovic M Green R Taylor N Perrott,M. Accuracy of clinical tests to diagnose
superior labral anterior and posterior (SLAP) lesions. Phys Ther Rev. 2005;10(1):5-14.

14. Whiting P, Rutjes AW, Reitsma JB, Glas AS, Bossuyt PM, Kleijnen J. Sources of
variation and bias in studies of diagnostic accuracy: a systematic review. Ann Intern
Med. 2004;140(3):189-202.

15. Lijmer JG, Mol BW, Heisterkamp S, Bonsel GJ, Prins MH, van der Meulen JH, et al.
Empirical evidence of design-related bias in studies of diagnostic tests. JAMA.
1999;282(11):1061-6.

16. Somerville L, Willits K, Johnson A, Ltchfield R, LeBel M, Moro J, et al. Clincial
Assessment of Physical Examination Maneuvers for Superior Posterior Labral Complex
Injuries. Unpublished.

76

17. Richardson SW, Wilson M, Guyatt G. The Process of Diagnosis. In: Guyatt G,
Rennie D, editors. Users guides to the medical literature: A manual for evidence-based
clinical practice. Chicago Illinois: American Medical Association Press; 2002. p.101-8.

18. Reuss BL, Schwartzberg R, Zlatkin MB, Cooperman A, Dixon JR. Magnetic
resonance imaging accuracy for the diagnosis of superior labrum anterior-posterior
lesions in the community setting: eighty-three arthroscopically confirmed cases. J
Shoulder Elbow Surg. 2006;15(5):580-5.

19. Garneau RA, Renfrew DL, Moore TE, el-Khoury GY, Nepola JV, Lemke JH.
Glenoid labrum: evaluation with MR imaging. Radiology 1991;179(2):519-22.

20. Torstensen ET Hollinshead RM. Comparison of magnetic resonance imaging and
arthroscopy in the evaluation of shoulder pathology. J Shoulder Elbow Surg.
1999;8(1):42-5.

21. Legan JM Burkhard TK Goff II WB Balsara ZN Martinez AJ Burks DD Kallman DA
O'Brien TJ Lapoint,J.M. Tears of the glenoid labrum: MR imaging of 88 arthroscopically
confirmed cases. Radiology. 1991;179(1):241-6.

22. Tung GA Entzian D Green A Brody,J.M. High-field and low-field MR imaging of
superior glenoid labral tears and associated tendon injuries. Am J Roentgenol.
2000;174(4):1107-14.

23. Applegate GR, Hewitt M, Snyder SJ, Watson E, Kwak S, Resnick D. Chronic labral
tears: value of magnetic resonance arthrography in evaluating the glenoid labrum and
labral-bicipital complex. Arthroscopy. 2004;20(9):959-63.

77

24. Waldt S, Burkart A, Lange P, Imhoff AB, Rummeny EJ, Woertler K. Diagnostic
performance of MR arthrography in the assessment of superior labral anteroposterior
lesions of the shoulder. Am J Roentgenol. 2004;182(5):1271-8.

25. Harper R, Reeves B. Reporting of precision of estimates for diagnostic accuracy: a
review. BMJ 1999;318(7194):1322-3.

26. Bennett WF. Specificity of the Speed's test: arthroscopic technique for evaluating the
biceps tendon at the level of the bicipital groove. Arthroscopy. 1998;14(8):789-96.

27. Kibler WB. Specificity and sensitivity of the anterior slide test in throwing athletes
with superior glenoid labral tears. Arthroscopy. 1995;11(3):296-300.

28. O'Brien SJ, Pagnani MJ, Fealy S, McGlynn SR, Wilson JB. The active compression
test: a new and effective test for diagnosing labral tears and acromioclavicular joint
abnormality. Am J Sports Med. 1998;26(5):610-3.

29. Myers TH, Zemanovic JR, Andrews JR. The resisted supination external rotation test:
a new test for the diagnosis of superior labral anterior posterior lesions. Am J Sports
Med. 2005;33(9):1315-20.

30. Ardic F, Kahraman Y, Kacar M, Kahraman MC, Findikoglu G, Yorgancioglu ZR.
Shoulder impingement syndrome: relationships between clinical, functional, and
radiologic findings. Am J Phys Med Rehabil. 2006;85(1):53-60.

31. Ohmstead L DC. Physical examination of the shoulder: Considerations of sensitivity
and specificity. Athl Ther Today. 2003;8:25.

78

32. Boileau P, Parratte S, Chuinard C, Roussanne Y, Shia D, Bicknell R. Arthroscopic
treatment of isolated type II SLAP lesions: biceps tenodesis as an alternative to
reinsertion. Am J Sports Med. 2009;37(5):929-36.

79

5

Diagnostic Validity of Patient Reported History for Shoulder
Pathology

Somerville LE1, Willits K2, Johnson A3, Litchfield R2, Lebel ME2, Moro J4, Bryant
D2,3,4,5
1

Faculty of Health Sciences, The University of Western Ontario

2

Division of Orthopaedic Surgery, Schulich School of Medicine & Dentistry, The University of
Western Ontario
3
4

School of Health Studies, Faculty of Health Sciences, The University of Western Ontario

Department of Surgery, Faculty of Health Sciences, McMaster University
Department of Clinical Epidemiology & Biostatistics, Faculty of Health Sciences, McMaster
University
5

80

Musculoskeletal disorders are the most prevalent chronic health condition in Canada. In
addition, musculoskeletal disorders are the leading cause of disability and cause the
greatest use of health care resources in Canada 1. Shoulder complaints, in particular are
the third most common musculoskeletal problem in the general population, and are
second only to knee pain for referrals to orthopedic surgery or primary care sports
medicine clinics2. Shoulder pain and disability pose a diagnostic challenge for physicians
owing to the numerous etiologies and the potential for multiple disorders existing in the
same patient. A thorough history and clinical evaluation of the entire shoulder girdle,
along with knowledge of relevant anatomy, clinical tests and radiographic information
may be necessary to make a diagnosis. More invasive tests, including magnetic
resonance imaging (with or without a contrast arthrogram), and arthroscopic exam, are
often felt necessary, as a clinical evaluation alone can frequently lead to misdiagnoses.

Although most physicians rely on these modalities to arrive at a definitive diagnosis,
patient history may be sufficient to predict many of the pathologies associated with the
shoulder. Over a half century ago, Platt claimed that in most general medical cases, a
diagnosis can be made with a history alone 3. Hampton et al. 4 evaluated the importance
of the medical history in the diagnosis of general medical outpatients and found that in
83% of their patients the diagnosis following the history agreed with the final diagnosis.
Similarly, Peterson and colleagues 5 found that the history led to a correct diagnosis in
76% of their general medical outpatients. Although this phenomenon has been
demonstrated in many patient populations, few studies have evaluated the accuracy of the
history as a diagnostic test for shoulder pathology.
Litaker and colleagues 6 demonstrated that age greater than or equal to 65 years, and
night pain, were the most predictive of rotator cuff tears. Holtby and Razmjou 7 found
that 76% of their patients referred for surgery had night pain. Michener 8 examined
history of trauma, sudden onset of pain, and history of popping, clicking or catching, and
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demonstrated that none of these items had diagnostic utility for superior anterior to
posterior labral (SLAP) lesions.

Primary care physicians often misdirect referrals of musculoskeletal conditions to
orthopaedic surgeons when non-surgical intervention is most appropriate 9. This reduces
the efficiency of these services and can potentially affect quality of care. Thus, having a
tool to assist with the practice of triage (determining patient priority, based on the
severity of their symptoms) can streamline the care of patients. To this end, Stiell and
colleagues10 developed the concept of a clinical decision rule, the Ottawa Ankle Rules, to
guide the assessment of ankle injuries. This clinical decision rule was meant to
determine the indications for radiography using objective criteria for ankle injuries. The
Ottawa ankle rules provide a high level of diagnostic confidence, and have reduced the
number of radiographs ordered by emergency departments11,12. Applying the same
principle behind the Ottawa ankle rules to the shoulder population could reduce the
number of patients being referred for further diagnostic tests thus, improving the
efficiency of these services for others.

The purpose of this paper is to determine whether patient reported history items are
predictive of shoulder pathology. We assessed whether a clinical decision rule can be
developed that could effectively triage patients with shoulder pathology to orthopaedic
outpatient clinics. We hypothesized that patient reported history items can accurately
diagnose shoulder pathology and will be useful in the referral process.

5.1 Methods
5.1.1

Patient Population

Using a consecutive sampling strategy, we recruited all participants presenting for their
first consultation to address complaints of shoulder pain or disability between May 2007,
and November 2008, within two tertiary care centers that specialize in orthopedics. We
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excluded patients with adhesive capsulitis or glenohumeral arthritis. All patients gave
informed consent, and the study was approved by each centre’s Health Sciences Research
Ethics Board.

5.1.2

Identification of History Items

We conducted a review of the diagnostic literature for shoulder pathology to identify
common items used in a typical clinician history. A list of items was compiled for each
of the most common pathologies (rotator cuff pathology, labral pathology,
acromioclavicular abnormalities and instability) and circulated to experts (orthopaedic
surgeons with a specialty in shoulder disorders) for review. In a round-table discussion,
each item was reviewed individually by the clinicians and they selected whether to
include or exclude the item. Any discrepancies were reexamined until a consensus was
reached. Redundant questions were removed, and double-barreled questions were
reworded.

5.1.3

Clinical Examination Testing

Prior to seeing the clinician, patients completed a detailed questionnaire that included the
items identified by clinicians as being predictive of the most common shoulder
pathologies. These elicited demographic information, symptoms, mechanism of injury,
and history of their disease. The clinician was not provided with the completed
questionnaire. Instead, the clinician took the patient’s history as usual. Following the
history, the clinician recorded their primary diagnosis and any secondary diagnoses and
for each, they rated their confidence with that diagnosis on a visual analogue scale (VAS)
ranging from 0 to 100% confidence. The clinician then performed the physical
examination manoeuvres for any disease suspected to contribute to the patient’s
symptoms. The clinician was then asked (again) to indicate their primary and any
secondary disorders that they felt were most responsible for the patient’s symptoms, and
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also to indicate their confidence in these diagnoses. The results of the physical
examination manoeuvres are reported elsewhere.

5.1.4

Reference Standard

Arthroscopic examination and MRI arthrogram were the main reference standards. We
developed a standardized arthroscopic examination and reporting protocol to minimize
differences between surgeons in diagnoses due to variations in methods of examination
(Appendix D). The clinicians were to look specifically at the subacromial space, rotator
cuff tendons, glenoid labrum, acromioclavicular joint, biceps tendon, and cartilage.
Although the majority of patients went on to have surgery, some did not require surgery,
or opted out of recommended surgery. These patients underwent a standardized MRI
arthrogram as the reference standard. Since the literature has shown that MRI alone is
not as accurate for diagnosing SLAP tears, with reported sensitivities for MRI ranging
from 43% - 75% 13-17, and specificities between 58% - 70% 14,15,17, we included the
arthrogram. There is good evidence to suggest that MRI arthrogram is a comparable
reference standard to arthroscopy. MRI arthrogram has been shown to be highly
sensitive (100% and 82%) and specific (88% and 100%) for detecting SLAP injuries 18,19.

5.1.5

Plan for Statistical Analysis

Sensitivity and specificity were calculated for each history item individually including
95% confidence intervals around these estimates. These values were used to calculate
positive and negative likelihood ratios (LR). A likelihood ratio is the likelihood that a
test result (positive or negative) is elicited in a patient with the target disorder compared
to the likelihood the same test result is elicited in a patient without the target disorder. A
likelihood ratio of 1 has little practical significance, as the pretest probability of disease is
the same as the posttest probability; the clinician’s impression of the probability of the
presence of the target disorder would not change based on this test result. Likelihood
ratios greater than 1 increase the probability that the test result is associated with the
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disease: the greater the value, the more likely the target disorder is present. Conversely,
likelihood ratios less than 1 indicate that the test result is associated with absence of
disease: the closer it is to 0, the more likely the target disorder is absent.

We calculated the proportion of diagnoses that agreed following the patient history and
the physical examination. Among those that agreed, we calculated the proportion that
was accurate according to the gold standard. For these patients we also calculated the
change in confidence in the diagnosis following the physical examination. For those
patients in whom a discrepancy was noted between the primary diagnoses after the
physical examination and the primary diagnosis following the history, we determined the
proportion of primary diagnoses that were switched with the secondary diagnosis after
the physical examination, and the proportion of primary diagnoses that changed entirely
following the physical examination. For both those patients that the primary diagnosis
switched with the secondary diagnosis and those that the primary diagnosis changed
entirely after the physical examination we calculated the proportion of diagnoses that the
history identified correctly and that the physical examination identified correctly
according to the gold standard.

We used the likelihood ratios to generate a clinical decision rule. The item with the
highest likelihood ratio was selected as the first question in the decision algorithm. All
patients that answered ‘yes’ to this question were removed from subsequent analyses, and
the measurement properties including likelihood ratios were recalculated with the new
sample. This process was repeated until the remaining history items produced likelihood
ratios that would not change the clinician’s impression of the probability of the target
disorder (i.e., the likelihood ratio was less than 2).

For any disease about which the history items would not change the clinicians
impression (likelihood ratio less than 2), we calculated the prevalence of disease at that
step in the algorithm and used this value as the pre-test probability. We calculated the
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95% confidence interval around this probability. Using the literature on the diagnostic
validity of MRI arthrogram we calculated the likelihood ratio for MRI arthrogram for any
disease that the history items could not diagnose. Using the pre-test probability and
likelihood ratio we calculated the post-test probability of these disorders if an MRI
arthrogram was ordered. This value was calculated for the lower and upper 95%
confidence interval of the prevalence.

5.2 Results
The clinicians selected 32 items to be included in the patient history questionnaire. The
questionnaire consisted of three items for anterior instability, three items for posterior
instability, three items for multidirectional instability, three items for SLAP lesions, four
items for tendinosis, four items for subscapularis disease, seven items for rotator cuff
disease, and two items for acromioclavicular abnormalities (Table 5.1).

One hundred and ninety two patients participated in this study. Of these 193 patients, 15
patients refused to undergo one of the reference standard tests, or cancelled their
scheduled test; therefore the remaining 177 patients composed the study sample. There
were 127 males and 51 females with an average age of 41.8 (SD = 17.5) years.
The diagnostic validity measures for all of the history items are presented in Table 5.2.
The majority of questions intended to diagnose rotator cuff disease were highly sensitive,
but their likelihood ratios suggested that they are not clinically useful. The results were
similar for subscapularis tears and SLAP tears, but Question 5 (‘At the time of the injury
did you feel a ‘snap/tear in your shoulder?’) had a likelihood ratio approaching three for
full thickness tears of the subscapularis. If the history items for subscapularis were
assessed in combination, adding Question 8 (‘Do you have weakness when throwing an
object overhand?’) improved this likelihood ratio to over three. The majority of history
items for posterior instability had poor diagnostic ability, but Question 26 (‘At the time of
injury was you’re arm driven backwards?’) and Question 29 (‘Does your shoulder come
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out with daily activities’) had likelihood ratios over two. All of the items for anterior
instability were good indicators of disease, with likelihood ratios over three.
The primary diagnoses following the physical examination agreed with the diagnoses
made by the history in 74.6% of cases. Sixty-nine percent of these were correct
according to the gold standard. The confidence change following physical examination
was minimal on the VAS scale (2.69 +/- 18.7). For those patients that the primary
diagnosis after the history agreed with the diagnosis following the physical examination,
only 10% did not correlate with the gold standard diagnosis. Seventeen percent of the
primary and secondary diagnoses after the history were switched following the physical
examination. Of these 45% were identified correctly by the history, 23% by the physical
examination and the remaining were not identified by either the physical examination or
history. The primary diagnosis changed entirely following the physical examination in
16.6% of cases. Of these, 47% were identified correctly with the history, 24% with the
physical examination, and the remaining were not identified by either.
The diagnostic decision algorithm is presented in Figure 5.1. Question 23 (‘Has your
shoulder ever dislocated from its socket?’) had the best combination of measurement
properties and was therefore selected as the first question in the diagnostic algorithm. Of
those that answered ‘yes’ to this question, 38 had anterior labral tears, six had a
degenerative labrum, and 15 had another disorder. Of those with another disorder, six
had another type of instability (posterior, multidirectional, or atraumatic instability).
Since these disorders could also present with shoulder dislocations, we assessed whether
other questions could differentiate these diseases at this stage. Question 26 was found to
have moderate diagnostic utility (LR = 1.93) for posterior instability, and Question 28
(‘Can you make your shoulder come out?’) was able to differentiate multidirectional
instability (LR = 2.67). For those patients that answered ‘no’ to Question 23, analysis
revealed that posterior instability could be predicted with Question 26 (LR=3.60).
Analysis with the remaining patients demonstrated that a combination of Question 5 and
8 was diagnostic for full thickness subscapularis tears (LR=4.14). At this stage of the
clinical decision algorithm, we found that the history items could not predict rotator cuff

87

tears or SLAP lesions. We calculated a likelihood ratio of an MRI arthrogram for rotator
cuff tears 20 to be 86.7 and for SLAP lesions 21 to be 41. Using these likelihood ratios, we
determined that the post-test probability of rotator cuff tear following an MRI arthrogram
would be 98.15% (96.8 to 98.8%) and for SLAP lesions 83.67% (55.9 to 90%).

5.3 Discussion
Diagnosis of shoulder pathology is one of the most challenging areas in orthopedics as
the clinical manifestations vary widely and pathologies often co-exist, thus increasing the
diagnostic complexity. Our study demonstrates that the patient reported history items for
shoulder pathology are predictive of disease and can be useful in the diagnostic process.
In particular, history items were good diagnostic indicators of anterior instability
(Question 23), posterior instability (Question 26) and full thickness subscapularis tears
(Question 5 and 8).

History items for SLAP injuries and rotator cuff tears could not

change the clinical impression of disease as their likelihood ratios were close to one.
Physical examination changed the primary diagnosis made by the history in only 25% of
cases, and of these only 23% changed the diagnosis correctly, in 47% the history was
correct, in the remaining cases neither the history or physical examination were correct.
We assessed whether MRI arthrogram could improve the ability to predict these disorders
and found that the probability of disease could be improved to 83.7% and 93.2% for
SLAP lesions and rotator cuff tears respectively.

Several studies have established that a substantial portion of referrals to orthopedic
specialists are inappropriate 9,22-24. Roland et al. 22 found that 43% of referrals to their
orthopedic clinic could have been avoided. Similarly, Speed and Crisp 9 showed that
only 42% of their referred sample was listed for a surgical intervention following
orthopedic consultation. Both concluded that referral guidelines might help to make
more efficient use of orthopedic services and optimize patient care. Specialty
departments are overburdened, which often results in long waiting times for patients to
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see the specialist, with further waits for indicated procedures. A more efficient referral
process could reduce the number of unsuitable patients being seen by the specialist and
consequently reduce wait times and improve management of patients that require a
specialist.

The use of triage systems to ensure referrals reach the most appropriate destination is a
popular concept. The most simplistic and common of these is a ‘paper triage’. This
process begins with a referral sent by a primary care clinician and upon its arrival is
directed by a gatekeeper 9. General and primary care clinicians often have low levels of
confidence in their abilities to diagnose and manage musculoskeletal disorders often
referring patients when it is inappropriate or sending them for clinical tests that are not
warranted 22,25. Additionally this system is limited by the lack of information that is
provided in the referral letter and consequently gatekeepers may have difficulty deciding
where the referral should be sent to. These pitfalls in the current system suggest a need
for an improved triage system. We were able to construct a clinical decision algorithm
that we foresee being implemented in the orthopedic referral process. The algorithm is
formatted as a decision tree whereby if a patient were to answer ‘no’ to a question they
would advance to the next, if they were to answer ‘yes’ then the process would end and
the patient would be referred to the orthopedic consultant. For example, looking at
Figure 1, if a patient were to answer ‘no’ to question 23 then they likely do not have
anterior instability and therefore would proceed to the next question. If they were then to
answer ‘yes’ to question 26 then they most likely have a diagnosis of posterior instability.
As this is a disorder which is managed most often by an orthopedic specialist, this patient
would get referred to an orthopaedic clinic. If a patient were to get through the entire
algorithm without responding ‘yes’ to any question, we would recommend the patient be
referred for a more invasive clinical test (MRI arthrogram) to assist in confirming a
diagnosis before being referred to an orthopedic specialist.

89

This algorithm has several advantages. First, only patients that answer ‘yes’ to any item
in the algorithm would be referred to an orthopedic surgeon. This has the potential to
reduce the number of unsuitable patients being seen by a specialist. Consequently this
would free up clinic time allowing the clinician to see more patients that require their
attention. In our study, if this algorithm was in place the potential reduction in the
number of patients seen by the surgeon would have been 37% (not including those
patients that would eventually be seen following the MRI arthrogram). Second, this
algorithm has the potential to reduce the number of costly or invasive tests that patients
get referred for. Many patients that get referred to orthopedic specialists have undergone
at least one type of imaging modality, including x-ray, ultrasonography, and MRI (with
or without arthrogram). Our study found that patients do not have to undergo these
examinations unless they proceed through the decision algorithm without a diagnosis.
Using our algorithm, only 37% of patients would have been referred for an MRI
arthrogram. We also determined based on previous literature that MRI arthrogram would
be an appropriate imaging modality to diagnose both SLAP lesions and rotator cuff tears
not diagnosed with the algorithm. Primary care clinicians need to be informed that
musculoskeletal patients do not need to be sent for these modalities as part of their workup prior to referral. This has the potential to reduce the cost to healthcare resources, as
only a fraction of musculoskeletal referrals will be sent for costly examinations. Third,
as a health care specialist is not needed to collect the data required for our algorithm, this
system may lend itself to electronic administration. In an era of ever-advancing
technology, paperless charting, electronic access to patient care guidelines, and
computerized decision tools promise to improve patient care. Electronic methods of
triaging have been assessed in an emergency department setting and were found to
improve allocation of patients compared to traditional triaging methods 26. Future
research efforts could assess whether such an instrument can be utilized in the referral
process electronically in this orthopaedic population.
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Although this decision tool has the potential to improve the efficiency of orthopaedic
services, it is necessary to validate this tool in the orthopedic shoulder population. Future
research should focus on determining if this triage system can successfully allocate
patients. Prior to having their first consultation, new shoulder patients would proceed
through the decision algorithm. These patients will then need to be followed up to
determine 1) what their diagnosis was and 2) what their recommended management was.
This research would inform us whether this tool is useful in a clinical setting.

A limitation of our study is that patients enrolled in our study were referred to a tertiary
care orthopaedic clinic, therefore the results should be generalized to only those type of
patients. Although the generalizability is limited, the strengths of this study include its
large sample size, which enable us to provide precise measures of the specificity,
sensitivity, and likelihood ratios of the history items. In addition, this study involves four
surgeons in two different cities in Ontario, Canada, which increases the applicability of
the results. Consequently there is enormous potential for knowledge transfer, in that our
results will be used to guide practice, teach medical students, residents and fellows, and
will create a more research friendly atmosphere.

Based on these study results, we found that the patient reported history is able to diagnose
anterior instability, posterior instability, and subscapularis tears. In fact, the physical
examination and history agreed in 75% of cases. Of those that did not agree, the physical
examination misdirected the diagnosis in 47% of our cases. We can conclude that
triaging patients with shoulder pathology can be done successfully through the use of
patient-reported history items. Additionally, patients should not be sent for diagnostic
imaging without first triaging, moreover if the patient gets to the end of the decision tree
without a diagnosis MRI arthrogram is an appropriate imaging modality to distinguish
both rotator cuff tears and SLAP lesions.
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Figure 5.1 Diagnostic Clinical Decision Algorithm
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Table 5.1 History Questionnaire Items
Q1: Did you try any new activities in the days preceding the onset of pain?
Q2: Do you experience pain when performing overhead activities?
Q3: Do you feel pain in your shoulder during rest?
Q4: Do you have difficulty lifting objects?
Q5: At the time of injury did you feel a ‘snap’/tear in your shoulder?
Q6: Did the onset of pain in your shoulder occur after a motor vehicle accident (while wearing a seatbelt)?
Q7: Do you have weakness in your shoulder when doing up your seatbelt?
Q8: Do you have weakness when throwing an object overhand?
Q9: Does your occupation or hobbies require elevation of the arm above the level of the shoulder?
Q10: Has your shoulder pain been longstanding (> 6 months)?
Q11: Do you experience pain at night while lying on the injured shoulder?
Q12: Does pain at night awaken you from your sleep?
Q13: Is the pain worsened by participating in activities where the elbow is level with the shoulder?
Q14: Do you have a feeling of clicking, clunking or grinding with use of your arm overhead?
Q15: Do you feel weakness in your shoulder without any pain?
Q16: Is the pain in your shoulder worsened by the position of your neck?
Q17: Do you have numbness/tingling in your hand?
Q18: Does your shoulder pain radiate to your hand?
Q19: At the time of injury did you feel a sudden pull on your arm (Ex. Waterskiing, grabbing onto
something when falling, sudden pull when losing hold of a heavy object)
Q20: Do you participate regularly in overhead sports (Ex. Tennis, baseball, squash, etc)
Q21: Do you experience a catching, locking, popping or grinding along with pain in your injured shoulder?
Q22: Do you ever experience the feeling of your arm coming out of the socket?
Q23: Has your shoulder ever dislocated from its socket?
Q24: Does your shoulder feel unstable towards the back of your body?
Q25: Did your shoulder become painful after a traumatic event (Ex Motor vehicle accident)
Q26: At the time of injury was your arm driven backwards (Ex. Car accident while holding the wheel,
taking a hit from the front)
Q27: Are you extremely flexible?
Q28: Can you make your shoulder come out?
Q29: Does your shoulder come out with daily activities?
Q30: Do you experience discomfort while doing weight lifting, push-ups or dips?
Q31: Do you feel like your collar bone moves when raising your arm?
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Table 5.2 Diagnostic Validity of Patient Reported History Items
Item
Rotator Cuff Disease
Q1
All disease
All Tears
FT Tears
Tendinosis
Q2
All disease
All Tears
FT Tears
Tendinosis
Q3
All disease
All Tears
FT Tears
Tendinosis
Q4
All disease
All Tears
FT Tears
Tendinosis
Q8
All disease
All Tears
FT Tears
Tendinosis
Q9
All disease
All Tears
FT Tears
Tendinosis
Q10
All disease
All Tears
FT Tears
Tendinosis
Q11
All disease
All Tears
FT Tears
Tendinosis
Q12
All disease
All Tears
FT Tears
Tendinosis
Q13

Sensitivity

95% CI

Specificity

95% CI

Positive LR

Negative
LR

13.6
12.5
11.1
18.8

8.0 to 22.3
6.7 to 22.1
5.5 to 21.2
6.6 to 43.0

80.0
80.2
81.2
83.3

70.6 to 87.0
71.6 to 86.7
73.3 to 87.1
76.8 to 88.3

0.68
0.63
0.59
1.13

1.08
1.09
1.10
0.98

95.5
97.2
96.4
87.5

88.9 to 98.2
90.4 to 99.2
87.9 to 99.0
64.0 to 96.5

13.3
13.2
11.5
8.6

7.8 to 21.9
8.0 to 21.0
7.0 to 18.3
5.2 to 14.0

1.10
1.12
1.09
1.45

0.34
0.21
0.31
0.66

86.4
88.9
87.5
75.0

77.7 to 92.0
79.6 to 94.3
76.4 to 93.8
50.5 to 89.8

34.4
33.0
29.5
24.1

25.5 to 44.7
24.8 to 42.4
22.1 to 38.1
18.1 to 31.2

1.32
1.33
1.24
0.99

0.40
0.34
0.42
1.04

83.9
84.5
85.5
81.3

74.8 to 90.2
74.4 to 91.1
73.8 to 92.4
57.0 to 93.4

28.9
27.4
26.2
23.0

20.5 to 39.0
19.8 to 36.5
19.2 to 34.7
17.2 to 30.1

1.18
1.16
1.16
1.06

0.56
0.57
0.56
0.82

89.8
90.3
92.6
87.5

81.7 to 94.5
81.3 to 95.2
82.5 to 97.1
64.0 to 96.5

23.5
21.8
21.0
17.2

15.8 to 33.6
14.9 to 30.1
14.7 to 29.2
12.1 to 23.9

1.17
1.15
1.17
1.06

0.44
0.45
0.35
0.73

74.7
77.5
78.2
62.5

64.7 to 82.7
66.5 to 85.6
65.6 to 87.1
38.6 to 81.5

20.0
22.6
23.0
21.1

13.0 to 29.4
15.7 to 31.5
16.4 to 31.2
15.5 to 28.1

0.93
1.00
1.02
0.79

1.26
0.99
0.95
1.78

87.5
86.1
83.9
93.8

79.0 to 92.9
76.3 to 92.3
72.2 to 91.3
71.7 to 98.9

17.8
16.0
14.8
16.1

11.3 to 26.9
10.3 to 24.2
9.5 to 22.1
11.2 to 22.5

1.06
1.03
0.99
1.12

0.70
0.87
1.09
0.39

92.0
94.4
94.6
81.3

84.3 to 96.1
86.4 to 97.8
85.2 to 98.1
57.0 to 93.4

26.7
25.5
23.0
17.4

18.6 to 36.6
18.1 to 34.5
16.4 to 31.1
12.3 to 24.0

1.25
1.27
1.23
0.98

0.30
0.22
0.24
1.08

79.6
80.6
83.9
75.0

70.0 to 86.7
70.0 to 88.1
72.2 to 91.3
50.5 to 89.8

53.3
49.1
46.7
38.3

43.1 to 63.3
39.7 to 58.4
38.1 to 55.5
31.1 to 46.0

1.71
1.58
1.56
1.22

0.38
0.40
0.34
0.65
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All disease
All Tears
FT Tears
Tendinosis

88.6
90.3
91.1
81.3

80.3 to 93.7
81.3 to 95.2
80.7 to 96.1
57.0 to 93.4

18.9
18.9
18.0
14.8

12.1 to 28.2
12.6 to 27.4
12.2 to 25.8
10.2 to 21.1

1.09
1.11
1.11
0.95

0.60
0.52
0.50
1.27

All disease
All Tears
FT Tears
Tendinosis

69.0
70.8
69.6
60.0

58.6 to 77.7
59.5 to 80.1
56.7 to 80.1
35.8 to 80.2

26.7
28.6
28.1
27.8

18.6 to 36.6
20.8 to 37.9
20.9 to 36.7
21.5 to 35.1

0.94
0.99
0.97
0.83

1.16
1.02
1.08
1.44

46.4 to 66.7
44.8 to 67.0
41.5 to 67.0
35.8 to 80.2

33.0
34.0
34.7
37.9

24.0 to 43.3
25.6 to 43.6
26.8 to 43.6
30.8 to 45.6

0.85
0.85
0.84
0.97

1.31
1.29
1.31
1.06

30.2 to 60.3
36.3 to 76.9
52.9 to 97.8
15.4 to 54.0

66.2
66.5
66.3
77.8

57.8 to 73.7
58.6 to 73.5
58.7 to 73.1
72.3 to 82.5

1.32
1.73
2.59
1.42

0.84
0.63
0.19
0.88

0.4 to 12.6
0.0 to 15.5
0.0 to 32.4
0.9 to 23.6

96.4
96.2
96.5
96.8

91.7 to 98.4
91.9 to 98.2
92.5 to 98.4
92.8 to 98.6

0.67
0.0
0.0
1.58

1.01
1.04
1.04
0.98

36.5 to 65.8
36.6 to 75.5
13.7 to 69.4
25.8 to 65.8

65.0
63.7
61.2
62.0

56.7 to 72.5
55.9 to 70.8
53.7 to 68.2
54.3 to 69.2

1.46
1.57
0.97
1.19

0.75
0.67
1.02
0.89

82.7 to 98.5
83.2 to 100
64.6 to 100
68.6 to 97.1

20.0
18.8
17.5
17.5

14.1 to 27.5
13.4 to 25.7
12.5 to 24.0
12.3 to 24.3

1.18
1.23
1.21
1.09

0.26

25.9 to 51.2
35.1 to 72.1

69.1
70.4

60.5 to 76.6
62.7 to 77.1

1.22
1.83

1.89
0.65

38.9 to 64.6
9.2 to 25.3

57.4
31.3

48.5 to 65.8
23.0 to 41.0

1.22
0.23

0.84
2.70

46.0 to 71.3
55.1 to 88.0

32.8
36.8

25.1 to 41.5
29.6 to 44.8

0.88
1.19

1.24
0.68

56.3 to 80.9
62.6 to 85.7
19.1 to 43.8

68.5
81.3
94.5

60.0 to 75.9
73.6 to 87.1
89.1 to 97.3

2.22
4.05
5.44

0.44
0.30
0.74

28.0 to 78.7
15.2 to 64.6

58.4
66.5

50.8 to 65.7
58.9 to 73.2

1.31
1.08

0.78
0.96

Q14

Q15
All disease 56.8
All Tears 56.2
FT Tears 54.6
Tendinosis 60.0
Subscapularis Tears
Q5
All disease 44.7
All Tears 57.9
FT Tears 87.5
Tendinosis 31.6
Q6
All disease 2.4
All Tears 0.0
FT Tears 0.0
Tendinosis 5.0
Q7
All disease 51.2
All Tears 57.1
FT Tears 37.5
Tendinosis 45.0
Q8
All disease 94.7
All Tears 100.0
FT Tears 100.0
Tendinosis 89.5
Superior Posterior Labral Complex
Q19
All SLAP Tears 37.7
Type II - V 54.2
Q20
All SLAP Tears 51.9
Type II - V 15.6
Q21
All SLAP Tears 59.3
Type II - V 75.0
Anterior Instability
Q22
70.0
Q23
76.0
Q29
30.0
Posterior Instability
Q22
54.6
Q23
36.4

0.60
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Q24
63.6
Q25
72.7
Q26
63.6
Q29
27.3
Acromioclavicular Joint Arthritis
Q30
87.0

35.4 to 84.8
43.4 to 90.3
35.4 to 84.8
9.8 to 56.6

58.3
41.6
76.7
88.6

50.6 to 65.6
34.3 to 49.2
69.6 to 82.5
82.8 to 92.6

1.53
1.25
2.73
2.38

0.62
0.66
0.47
0.82

75.6 to 93.6

12.1

7.3 to 19.2

0.99

1.07
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6

Discussion

The following chapter includes additional discussion relevant to the study and results
including; patient inclusion criteria, difficulty with multicenter trial, issues with the
diagnostic thresholds, generalizability of the results and directions for future research.

6.1 Inclusion Criteria
The decision was made to exclude patients with adhesive capsulitis (frozen shoulder) and
glenohumeral osteoarthritis. The thought process behind excluding these patients is
twofold. First, there are no specific physical examination signs in the literature that are
intended to diagnose either of these disorders. Secondly, the primary indication for these
disorders is generalized shoulder pain. We thought that these patients would more than
likely have a positive result on physical examination maneuvers where pain is the
indicator for a positive test. This would result in an increase in false positives reducing
the sensitivity of the test, falsely making the test look worse than it truly is. Furthermore,
patients with adhesive capsulitis do not exhibit damage to the structures inside of the
shoulder therefore an MRI would not be able to diagnose this disorder. Since these
patients are rarely referred for surgery, we thought it inappropriate to include them in our
sample as neither of our gold standards are suitable for these patients. Given that there
are no maneuvers intended to assess these injuries, the reduced likelihood that they would
undergo either of our gold standards, and the belief that including these disorders would
introduce noise into our analysis, we thought it best to exclude them.

6.2 Multicentre Study Difficulties
We attempted to perform a multicentre study to assist in answering our research
questions. The advantages of multicentre trials are numerous. They are a means of
accruing sufficient subjects within a reasonable time frame. Additionally, having
multiple sites allows for the possibility of recruiting subjects from a wider population and
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a broader range of clinical settings, thus presenting a situation that is more pragmatic
(typical of future use). Despite these advantages, multicentre trials require strong efforts
for quality assurance. Multicentre trials are considerably more complex to 1) coordinate,
2) control quality in methods and 3) manage data. They are also very expensive to run
both in terms of personnel and resources and therefore require adequate funding from the
onset.

Our original intent was to include several sites to improve the applicability of our study
results, as well as to assist in patient recruitment. There were several limitations.
Although this study received funds, the funding amount prevented us from offering sites
any financial assistance for their role in the study. Additionally our personnel were
limited to one PhD student, therefore unless individual sites offered their services gratis,
recruitment and data collection was not possible. Under these circumstances, we were
able to recruit two centres into our study and enlist students to assist in patient
recruitment and data collection for one centre, and relied on the PhD student as the
primary study connection at the other centre.

Although we had difficulties recruiting sites into our study, before commencement, we
took several steps for quality assurance to avoid problems with conflicting site protocols.
We standardized all procedures to reduce variation in evaluation criteria. This
incorporated all data collection methods, including the standardization of protocols and
reporting of 1) physical examination testing 2) MRI arthrogram and 3) arthroscopy. All
personnel were trained in advance of the trial and were monitored during the trial.

6.3 Diagnostic Process and Thresholds
The diagnostic processes require logical reasoning and pattern recognition 1. Although
these processes occur at an unconscious level, Richardson, Wilson and Guyatt 1 have
identified two underlying steps. In the first step, each of the diagnostic possibilities and
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their relative likelihood of being responsible for the symptoms are established, usually by
taking a detailed history. In the second step, diagnostic tests are used to revise the initial
pretest probability (the probability that the patient has the disease of interest based on the
physician’s experience with the disease and the signs and symptoms of the patient) 2, to a
posttest probability (the probability that the patient has the disease of interest following
the results of a diagnostic test) for each disorder, which will dictate whether further
testing is required. Therefore, the diagnostic process can be viewed as a continuum of
disease probabilities in which the likelihood of the presence of disease is compared to
two thresholds. If the physician feels that the probability of a specific disease is high (i.e.
the probability surpasses the treatment threshold), the physician will recommend therapy
without further testing. Similarly, if the physician feels that the probability of having a
particular disease is low (i.e. the probability does not surpass the test threshold), then no
further testing is required. On the other hand, if the physician feels that the probability of
a specific disorder falls between these two thresholds further testing is required.

There are several approaches that describe the diagnostic process. These include the
possibilistic, probabilistic, prognostic, and pragmatic approaches, which are often used in
combination3. If the physician considers all diagnostic possibilities equally likely and
tests for all of them at once he or she is taking a possibilistic approach. In this approach
however, the patient is exposed to unnecessary testing making this an inefficient
approach. Instead the physician usually considers the disorders that are most likely
(probabilistic approach), are most serious if left undiagnosed and untreated (prognostic
approach) or those that would be most responsive to a treatment regimen (pragmatic
approach).

Our study took a probabilistic approach. Following the history, the physician indicated
the pretest probability for each of the eight shoulder pathologies (tendinosis, rotator cuff
tears, SLAP lesions, other labral lesions, anterior instability, posterior instability,
multidirectional instability and acromioclavicular abnormalities) using a diagnostic
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threshold scale to denote their diagnostic uncertainty. If the surgeon indicated that they
were below the testing threshold (i.e. certain that the pathology was not playing a role in
the patient’s complaints) or above the treatment threshold (i.e. so certain that the
pathology was a contributing factor that no further testing was necessary) they did not
perform the tests for that disease. Patients for whom the physician faced uncertainty in
the diagnosis (i.e. clinician rated as above the testing threshold but below the treatment
threshold) remained as part of the study group for that diagnosis.
After study commencement, it was noticed that some clinicians were placing the pretest
probability above the treatment threshold yet still completing the physical examinations
for that disorder. Upon discussion with the clinicians it became apparent where the
problem arose. When assessing the probability of disease from 0 to 100%, if the
clinicians were sufficiently confident that it was a particular disorder, then they were
indicating a probability above the treatment threshold for that disease. However despite
indicating above the treatment threshold they were never confident enough to send them
for treatment without further testing and accordingly performed the tests for that disorder.
The assignment of the threshold line is arbitrary, therefore although the placement of the
threshold line may look as if it represents a particular probability, 85% for example, this
threshold does not have a value. It was apparent that the clinician was placing a value on
the threshold line subconsciously. Because the treatment for these disorders are invasive
(MRI and surgical intervention) and the tests are simple and inexpensive, the clinician
felt uneasy about sending a patient for treatment without first doing an examination.
What this implies is that the clinician unconsciously shifts the treatment threshold line
further along the diagnostic continuum (i.e. the threshold almost meets the line indicating
a pretest probability of 100%) to avoid sending patients for unnecessary invasive and
costly testing. From this point onward in the study we relocated the threshold line farther
along the continuum. For previous patients for whom the clinician indicated their pretest
probability above the treatment threshold for any disorder we confirmed it should have
been placed below the treatment threshold.
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6.4 Applicability and Directions for Future Research
All participants in our study had shoulder injuries or shoulder conditions and chose to
seek out the opinion of a specialist in orthopaedics. Since our eligibility criteria accepted
a broad spectrum of conditions (several disorders which included the full spectrum of
disease), and had no lower or upper age restriction, we expect the results of this study to
span across the adolescent and adult populations whom are seeing an orthopaedic surgeon
regarding their shoulder condition. Additionally we recruited from multiple sites, which
will broaden the spectrum of patients that are recruited further increasing the
generalizability of the results. We are uncertain, however, how well the results will
extend to patients seeing other types of specialists (i.e. physiotherapists, general
practitioners), for the following reasons 1) the spectrum of disease may differ and 2)
physical examination tests may perform differently in the hands of clinicians whose
experience with musculoskeletal injuries is different.

Our study results led to further questions that remain to be answered. Our first two
research questions demonstrated the usefulness of physical examination tests applied by
the best hands. Not all patients that have shoulder injuries are seen by orthopaedic
surgeons. All patients that are seen by an orthopaedic specialist are initially assessed by a
less specialized clinician such as a general practitioner or sports medicine clinician. It
may be useful to determine if these tests perform differently in the hands of these
clinicians to establish a set of tests that work best for this group.

Our third research question determined that patient reported history findings were good
indicators for disease. We developed a clinical decision rule with these history findings,
and found that a few items could substantially reduce the uncertainty in clinician
diagnosis. We envision this tool could be implemented in the diagnostic process as a
triage instrument. Specifically at our clinic we have the luxury of having a sports
medicine clinic that works in close contact with our orthopaedic clinic. These clinicians
often refer patients to the orthopaedic consultants. It would be valuable to have patients
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with shoulder pain and disability complete this instrument at their consultation with the
sports medicine clinician, and the sports medicine clinicians to utilize it as a screening
tool to assist in their decision whether to refer the patient for further testing, or send the
patient to the orthopaedic consultant. Although this decision tool has the potential to
improve the efficiency of orthopaedic services, it is necessary to validate this tool in the
orthopedic shoulder population. Future research should focus on determining if this
triage system can successfully allocate patients to the proper services. This research
would inform us whether this tool is useful in a clinical setting.

6.5 Summary
There are an abundance of physical examination maneuvers that have been developed for
diagnosing shoulder pathology. Additionally history findings can be considered a
diagnostic test for many disorders of the shoulder. Both physical maneuvers and patient
history are important in establishing a diagnosis and determining a treatment plan. This
study demonstrates that no test in isolation is sufficient to diagnose either rotator cuff
disease or SLAP injuries. Further, we found that history items for anterior instability,
posterior instability and subscapularis tears were good indicators of disease. In the
majority of our patients the history and the physical examination pointed to the same
diagnosis and when they differed the history was correct the bulk of the time. Because a
large proportion of patients referred to the orthopedic setting are considered inappropriate
(i.e. they do not get referred for surgical intervention), we developed a clinical decision
rule with the history findings that could potentially be used in the clinical setting as a tool
for triaging patients in the referral process.
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Appendix A: Quality Characteristics of Included Studies in Systematic Review.
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[Type a quote from the
document or the
summary of an
Table 5. Summary of Quality Assessment for All Shoulder Pathology Groups
Study
Study
Prospective
Representative
Design
Retrospective
Study
Gold standard
(P/R)
Population
evaluator
blinded
to
results
of
physical
examination
Ardic (2006)
IIa
P
Yes
Yes
Bennett (1998)
IIb
P
Yes
No
Berg (1998)
IIa
R
Yes
No
Bottoni (2005)
IIa
R
Yes
Uncertain
Calis (2000)
IIa
P
Yes
Yes
Chronopoulus (2004) IIb
R
No
No
Gerber (1991)
IIa
R
No*
Uncertain
Gerber (1996)
IIa
R
No
Uncertain
Gross (1997)
IIb
R
No
Uncertain
Guanche (2003)
IIb
P
Yes
No
Hamner (2000)
IIa
P
No
Uncertain
Hertel (1996)
IIa
P
No
Uncertain
Holtby (2004)
IIb
P
Yes
Yes
Holtby (2004)
IIb
P
Yes
Yes
Itoi (1999)
III
P
Yes
Uncertain
Itoi (2006)
IIa
R
Yes
Uncertain
Kibler (1995)
IIa
P
Uncertain
No*†
Kim (1999)
IIb
P
No
Yes
Kim (2001)
IIb
P
No
Yes
Kim (2004)
IIa
R
Yes
Uncertain
Kim (2005)
IIb
P
Yes
Yes
Leroux (1995)
IIa
R
Yes
Yes
Litaker (2000)
IIa
R
Yes
Uncertain
Liu (1996)
IIb
P
Yes
Uncertain
Liu (1996)
IIa
R
Yes
Uncertain
Lo (2004)
IIb
R
Yes
Uncertain
Lyons (1992)
IIa
P
Yes
Uncertain
MacDonald (2000)
IIb
P
Yes
No

interesting point. You
Physical
examination
evaluator
blinded to gold
standard

Physical
examination
evaluator
blinded to other
imaging results

Verification
bias
present?

Yes
Yes
Yes
Yes
Uncertain
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Uncertain
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Yes
Uncertain
Uncertain
Yes
Yes
Uncertain
Uncertain
Uncertain
No
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain

Yes
Uncertain
Uncertain
Uncertain
No
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Yes
Yes
No
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Uncertain
Yes
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain

can position the text
box anywhere in the
document. Use the
Text Box Tools tab to
change the formatting
of the pull quote text
box.]

108

109

[Type a quote from the
document or the
Malhi (2005)
McCabe (2005)
McFarland (2002)
Meister (2005)
Mileski (1998)
Mimori (1999)
Mok (1990)
Morgan (1998)
Myers (2005)
Nakagawa (2005)
O’Brien (1998)
O’Driscoll (1991)
Parentis (2006)
Park (2005)
Razmjou (2004)
Rhee (2005)
Savoie (2000)
Schiebel (2005)
Sileo (2006)
Snyder (1995)
Speer (1994)
Stetson (2002)
Suder (1994)
Walch (1998)
Walton (2004)
Wolf (2001)
Zaslav (2001)

IIb
IIa
IIb
IIb
IIa
IIa
IIa
IIa
IIb
IIb
IIa
IIa
IIb
IIb
IIb
IIa
IIa
IIa
IIb
IIa
IIb
IIb
IIb
IIa
IIa
IIb
IIa

R
P
R
P
P
P
P
R
P
P
P
P
P
P
P
R
R
P
R
R
P
P
P
R
P
R
P

Yes
Yes
Yes
No†
Uncertain
No†
Yes
No
No†
No†
Yes
Uncertain
Yes
No
Yes
No
Yes
Yes
Uncertain
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Uncertain
Yes
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Yes
Uncertain
Uncertain
Uncertain
No
Yes
Uncertain
Uncertain
Uncertain
Uncertain
No
No
No
Yes
Uncertain
Yes
Uncertain
Yes

Yes
Yes
Yes
Yes
Yes
Uncertain
Yes
Yes
Yes
Yes
Yes
Uncertain
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Uncertain
Yes
Yes
Yes

No
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Uncertain
No
Yes
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Yes
Yes
Uncertain

Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Uncertain
Uncertain
Uncertain
No
Uncertain
Uncertain
Uncertain
Yes
Uncertain
Uncertain
Yes
Uncertain
Uncertain
Uncertain
Uncertain
Uncertain
Yes
Yes
Uncertain
Yes

summary of an
interesting point. You
can position the text
box anywhere in the
document. Use the
Text Box Tools tab to
change the formatting
of the pull quote text
box.]

109

110

Appendix B: Ethics Approval

111

112

113

114

Appendix C: Physical Examination Guidelines

115

Physical Examination Guidelines
For use in the research project:
The Diagnostic Validity of Physical Examination
Maneuvers for Shoulder Pathology
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Strength

External Rotation

1

The examiner stands behind the patient. The patient's
arms hang down at their side with elbows flexed at 90
degrees, hand and wrist in neutral, midway between full
pronation and supination. The examiner reaches from
behind patient, each arm pinning an elbow to the
patient's side, the examiner's forearm paralleling patient's
forearm. The examiner asks the patient to press the back
of their wrists or hands outward against the examiner's
resistance

Internal Rotation

2

The patient's arms hang down at their side with their
elbows flexed at 90 degrees, hand and wrist in neutral,
midway between full pronation and supination. The
examiner is palm to palm with the patient and asks the
patient to press their palms inward against the examiner's
resistance

1

The External Rotation illustration was reprinted with permission of American Family
Physician, originally printed in Chronic Shoulder Pain: Part I. Evaluation and Diagnosis,
Volume 77, Issue 4, pages 453-460.
2

The Internal Rotation illustration was reprinted with permission of The Medical Art
Company c/o Marcia Hartstock, originally printed in American Family Physician, The
Painful Shoulder: Part I. Clinical Evaluation, Volume 61, Issue 10, pages 3079-3088
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General Rotator Cuff
Transdeltoid Palpation
Palpation is performed anterior to the anterior margin of the acromion through thedeltoid.
The patient is asked to relax allowing the arm to dangle freely. While positioned behind
the patient the examiner holds the patient's forearm with the elbow flexed to allow
rotational control in order to maneuver the arm while the examiner's other hand is used
for palpation. The arm is gently maneuvered into full extension. Internal and external
rotation is used to palpate the rotator cuff tendons. Scoring: In the presence of a tear,
both an eminence (prominent greater tuberosity in the presence of a full thickness tear)
and a rent 'sulcus' (soft tissue defect created by the rotator cuff that avulsed from the
tuberosity) are palpable. The tear is palpated as the arm is brought in and out of full
extension and internally and externally rotated.

Supraspinatus
3

Jobes Supraspinatus Test/Yocum’s Test/Empty Can Test
With the patient's arm at 90 degrees of abduction in neutral rotation,
the shoulder is then internally rotated and angled forward 30 degrees
(scapular plane); the thumb should be pointing towards the floor. The
muscle is tested against resistance supplied by the examiner.

4

Full Can Test
Both of the patient's arms are abducted to 90 degrees in the
scapular plane, thumbs up. The examiner places one hand just
proximal to each elbow and forcefully presses downward
simultaneously. The patient is asked to resist.

3

Jobes Supraspinatus illustration was reprinted with permission of The Medical Art Company c/o Marcia
Hartstock, originally printed in American Family Physician, The Painful Shoulder: Part I. Clinical
Evaluation, Volume 61, Issue 10, pages 3079-3088
4

The Full Can Test illustration from Cools AM, Cambier D, Witvrouw EE: Screening the athlete’s
shoulder for impingement symptoms: a clinical reasoning algorithm for early detection of shoulder
pathology. British Journal of Sports Medicine. 42: 628, 2008. Copyright 2008 by BMJ Publishing Group
Ltd. Reprinted with permission of BMJ Publishing Ltd.
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Subscapularis
5

The Lift Off Test
While standing, the patient places their arm behind their back with the
dorsum of the hand resting in the region of the midlumbar spine. The
dorsum of the hand is then raised off of the back by maintaining or
increasing internal rotation of the humerus and increasing extension of the
shoulder. The elbow is kept at a constant flexion angle. To perform this
test the patient must have full passive internal rotation and pain cannot be
a limiting factor.
6

The Belly Press Test
The patient presses the abdomen with the hand flat and attempts
to keep the arm in maximum internal rotation.

5

The Lift Off Test illustration was reprinted with permission of Dr. Charles Goldberg ,
originally printed http://meded.ucsd.edu/clinicalmed/joints2.htm
6

The Belly Press illustration from Tennent TD, Beach WR, Meyers JF: A Review of the
Special Tests Associated with Shoulder Examination. American Journal of Sports
Medicine. 31(1): 154, 2003. Copyright 2003 by Sage Publications. Reprinted with
permission of Sage.
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Internal Rotation Lag Sign

7

The patient is seated with their back to the physician their arm
behind their back with the dorsum of the hand resting in the region
of the midlumbar spine. The affected arm is held by the physician
at almost maximal internal rotation. The elbow is flexed to 90
degrees and the shoulder is held at 20 degrees elevation and 20
degrees extension. The dorsum of the hand is passively lifted away
from the lumbar region until almost full internal rotation is
achieved. The patient is asked to actively maintain this position as
the physician releases the wrist while maintaining support at the
elbow.

Infraspinatus
Lateral Rotation Lag Sign/External Rotation Lag Sign/Hornblowers Sign
The patient's arm is at their side and the elbow is flexed to 90 degrees. The examiner
passively abducts the arm to 90 degrees in the scapular plane, laterally rotates the
shoulder to end range and asks the patient to hold the position.

Tendinopathy/Impingement

8

The Painful Arc
The shoulder is abducted between the angles of 60 to 120 degrees.

7

The Internal Rotation Lag Sign illustration from Scheibel M et al: Structural Integrity
and Clinical Function of the Subscapularis Mulsculotendinous Unit After Arthroscopic
and Open Shoulder Stabilization. American Journal of Sports Medicine. 35(7): 1153,
2007. Copyright 2007 by Sage Publications. Reprinted with permission of Sage
Publications.
8

The Painful Arc Test illustration was reprinted with permission of Health Hype ,
originally printed http://www.healthhype.com/supraspinatus-tendon-tendinitis-tendinosisand-tear.html
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9

The Hawkins Test
The arm is placed in 90 degrees of forward flexion with the
elbow at 90 degrees flexion then the examiners hand, which
is grasping the elbow attempts further internal rotation.

10

Neer’s Impingement Sign
The scapula is stabilized by the examiner and the arm is forward
flexed by the examiner until the patient reported pain or until full
elevation was reached.

SLAP
11

Speed’s Test
The patient’s arm is placed with the forearm in full supination and at 90
degrees of shoulder elevation. The examiner then applies a downward
force to the arm and the patient is asked to resist the force.

9

The Hawkins Test illustration was reprinted with permission of The Medical Art Company c/o Marcia
Hartstock, originally printed in American Family Physician, The Painful Shoulder: Part I. Clinical
Evaluation, Volume 61, Issue 10, pages 3079-3088
10

Neer’s Impingement Sign illustration was reprinted with permission of The Medical Art Company c/o
Marcia Hartstock, originally printed in American Family Physician, The Painful Shoulder: Part I. Clinical
Evaluation, Volume 61, Issue 10, pages 3079-3088
11

Speed’s Test illustration was reprinted with permission of The Medical Art Company c/o Marcia
Hartstock, originally printed in American Family Physician, Adhesive Capsulitis: A Sticky Issue , Volume
59, Issue 7, pages 1843-1850
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Compression Rotation Test
The patient is in the supine position with the shoulder abducted to 90 degrees and the
elbow flexed at 90 degrees. A compression force is applied to the humerus, which is then
rotated.

12

Anterior Slide Test
The patient is examined either standing or sitting with their hands on
their hips with thumbs pointing posteriorly. One of the examiners hands
is placed across the top of the shoulder from the posterior direction with
the last segment of the index finger extending over the anterior aspect of
the acromion at the glenohumeral joint. The examiner's other hand is
placed behind the elbow and a forward and slightly superiorly directed
force is applied to the elbow and upper arm. The patient is asked to
push back against the force. Scoring: The test is positive if the patient
has pain localized to the front of the shoulder under the examiner's hand
and/or a pop or click in the same area or if the manoeuvre reproduces
symptoms that occur during their overhead activities

13

Active Compression Test/O’Briens Test
The examiner stands behind the standing patient and the patient
forward flexes the affected arm 90 degrees with the elbow in full
extension. The patient then horizontally adducts the arm 10
degrees to 15 degrees medial to the sagittal plane of the body.
The arm was then internally rotated so that the thumb is pointing
downward. The patient resists as the examiner applies a uniform
downward force to the arm. With the arm in the same position
the palm is then fully supinated and the maneuver is repeated.

12

The Anterior Slide Test illustration from Tennent TD, Beach WR, Meyers JF: A
Review of the Special Tests Associated with Shoulder Examination. American Journal of
Sports Medicine. 31(2): 301, 2003. Copyright 2003 by Sage Publications. Reprinted
with permission of Sage Publications.
13

The O’Briens Test illustration was reprinted with permission of Dr. Lennard Funk ,
originally printed http://www.shoulderdoc.co.uk/
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14

Biceps Load Test I
The patient lies in the supine position. The examiner sits at
a right angle and at the same height to the patient on the
side of the affected shoulder. The examiner gently grasps
the patient's wrist and elbow. The arm is abducted at 90
degrees with the forearm in the supinated position with the
elbow flexed to 90 degrees. The patient relaxes and an
apprehension test is performed (Taking arm into full
external rotation). When the patient becomes apprehensive
during the external rotation of the shoulder the external
rotation is stopped. The patient is then asked to flex the
elbow while the examiner resists (on the same plane as the
patients arm so as not to change the degree of abduction
and external rotation) the flexion with one hand and asks
how the apprehension has changed if at all. The test is repeated and the patient is
instructed not to pull the whole upper extremity, just bend the elbow against the
resistance.

15

Biceps Load Test II
The patient lies supine. The examiner sits adjacent to the patient on
the same side as the affected arm grasping the wrist and elbow gently.
The arm is elevated to 120 degrees and externally rotated to its
maximal point with the elbow in 90 degrees of flexion and the
forearm is supinated. The patient is asked to flex the elbow against
the examiner's resistance.

14

The Biceps Load I Test illustration from Kim SH, Ha KI, Han KY: Biceps Load Test:
A Clinical Test for Superior Labrum Anterior and Posterior Lesions in Shoulders with
Recurrent Anterior Disclocations. American Journal of Sports Medicine. 27(3): 300,
1999. Copyright 1999 by Sage Publications. Reprinted with permission of Sage
Publications.
15

The Biceps Load II Test illustration from Kim SH et al: Biceps Load Test II: A
Clinical Test for SLAP lesions of the Shoulder. Arthroscopy. 17(2): 2001. Copyright
2001 by Elsevier. Reprinted with permission of Elsevier Inc.
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16

Resisted Supination External Rotation Test
The patient is in the supine position with the scapula near the edge
of the table. The examiner stands at the patient's side, supporting
the affected arm at the elbow and hand. The arm starts in 90
degrees abduction with the elbow flexed 65 to 70 degrees and the
forearm in neutral or slight pronation. The patient is asked to
attempt to supinate the hand with maximal effort as the examiner
resists and gently externally rotates the shoulder joint to maximal
external rotation. The patient is asked to describe the symptoms at
maximal external rotation.

Other Labral Lesions
17

Kim’s Test
The patient is in a sitting position against the back of the chair with the
arm in 90 degrees of abduction. The examiner holds the patient's elbow
and lateral aspect of proximal arm and applies an axial loading force and
45 degrees upward diagonal elevation to the distal arm while inferior
and posterior force is applied to the proximal arm.

16

The Resisted Supination External Rotation Test illustration from Myers TH,
Zemanovic JR, Andrews JR: The Resisted Supination External Rotation Test: A New
Test for the Diagnosis of Superior Labral Anterior Posterior Lesions. American Journal
of Sports Medicine. 33(9): 1315, 2005. Copyright 2005 by Sage Publications. Reprinted
with permission of Sage Publications.
17

The Kim Test illustration from Kim SH, Park JS, Jeong WK, Shin SK: The Kim Test:
A Novel Test for Posteroinferior Labral Lesion of the Shoulder – A Comparison to the
Jerk Test. American Journal of Sports Medicine. 33(8): 1188, 2005. Copyright 2005 by
Sage Publications. Reprinted with permission of Sage Publications.
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MDI
18

Sulcus Sign
The patient stands with arms hanging at their side. The examiner provides a
direct downward traction at the elbow.

Anterior Instability
19

Apprehension Test
With the patient supine and the arm in abduction and
external rotation, the examiner pushes anteriorly on the
posterior aspect of the humeral head.

20

Relocation Test/Fowlers Sign
Following the apprehension test a posteriorly directed force
is administered on the humeral head.

18

The Painful Arc Test illustration was reprinted with permission of Dr. Jan Nowak ,
originally printed http://meded.ucsd.edu/clinicalmed/joints2.htm
19 20

The Apprehension and Relocation Test illustrations from Lo IKY, Nonweiler B,
Woolfrey M, Litchfield R, Kirkley A: An Evaluation of the Apprehension, Relocation,
and Surprise Tests for Anterior Shoulder Instability. American Journal of Sports
Medicine. 32(2): 301, 2004. Copyright 2004 by Sage Publications. Reprinted with
permission of Sage Publications.
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Surprise Test/Release Test
While holding the final position of the relocation test, the examiner's hand is quickly
removed from the proximal humerus and the patient's response is observed
21

Load and Shift Test
The patient should be seated. The examiner should be behind
the patient on the side to be examined. The examiner places the
hand over the shoulder and scapula to steady the limb girdle and
then, with the opposite hand, grasps the humeral head. As the
head is `loaded’ (reduced into the glenoid fossa in a neutral
position), both anterior and posterior stresses are applied and the
amount of translation is noted. Next, the elbow is grasped and
inferior traction is applied. Glenohumeral translation is assessed
with the patient supine. Here the arm is grasped in a position of
approximately 20 degrees abduction and forward flexion in
neutral rotation. The humeral head is loaded and then posterior
and anterior stresses are applied

Posterior Instability
22

Posterior Apprehension/Stress Test
The patient is in the supine or sitting position. The examiner elevates
the patient's shoulder in the plane of the scapula to 90 degrees of
abduction while stabilizing the scapula with the other hand. While
applying the axial load the examiner horizontally adducts and
medially rotates the arm. The examiner palpates the head of the
humerus with one hand while the other hand pushes the head of the
humerus posteriorly. Scoring: The test is positive if the patient is
apprehensive or resistant to further motion or if the movement
reproduces the patient's symptoms.

21

Load and Shift Test illustration from Hovis WD, Dean MT, Mallon WJ, Hawkins RJ:
Posterior Instability of the Shoulder with Secondary Impingmenet in Elite Golfers. American
Journal of Sports Medicine. 30(6): 886, 2002. Copyright 2002 by Sage Publications. Reprinted
with permission of Sage Publications.
22

The Posterior Apprehension Test illustration from Tennent TD, Beach WR, Meyers JF: A
Review of the Special Tests Associated with Shoulder Examination. American Journal of Sports
Medicine. 31(2): 301, 2003. Copyright 2003 by Sage Publications. Reprinted with permission of
Sage Publications.
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Modified Barlow Test
The patient is in a supine position. The shoulder is in 90 degrees of forward flexion and 0
degrees of rotation. An axial load is placed on the humerus making the humeral head
slide posteriorly off the glenoid. The humerus is then abducted and the examiner feels
for the humeral head being reduced onto the glenoid.

Acromioclavicular Pathology
23

O’Briens Test
The patient is asked to stand. The examiner stands behind the patient
and the patient forward flexes the affected arm 90 degrees with the
elbow in full extension. The patient then horizontally adducts the
arm 10 to 15 degrees medial to the sagittal plane of the body. The
arm was then internally rotated so that the thumb is pointing
downward. The patient resists as the examiner applies a uniform
downward force to the arm. With the arm in the same position the
palm is then fully supinated and the maneuver is repeated

24

Cross Body Adduction Stress Test
The patient’s arm is forward flexed at 90 degrees and then
adducted across the body.

23

The O’Briens Test illustration was reprinted with permission of Dr. Lennard Funk ,
originally printed http://www.shoulderdoc.co.uk/
24

The CrossBody Adduction Stress Test illustration from Chronopoulos E et al:
Diagnsotic Value of Physical Tests for Isolated Chronic Acromioclavicular Lesions.
American Journal of Sports Medicine. 32(3): 655, 2004. Copyright 2004 by Sage
Publications. Reprinted with permission of Sage Publications.
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Re: Permissions
To Lynz Somerville
From: copyrights copyrights
Sent: June-29-12 8:03:49 PM
To:

Lynz Somerville

Thank you for checking. We have no objection to you using this for your dissertation, as long as
you are not publishing anything.
Regards,
Lynz Somerville 6/29/2012
To whom it may concern
I would like to request permission to reprint a figure from an article for my PhD Dissertation

About the material you would like to use:
Title of article/piece you want to use: Chronic Shoulder Pain: Part I. Evaluation and
Diagnosis
Name of author of material: Burbank KM et al.
Name of publication: American Family Physician
Identify content (for example, do you want to use the entire article, only a
table/figure, an illustration); provide a sample if possible: Figure 5

About your proposed use:
Title of your publication, program or product :The Diagnostic Validity of Physical
Examination Maneuvers and Patient Reported History for Shoulder Pathology
Name of publisher or sponsor: Western University
Type/format of publication in which the AAFP content will appear (e.g., newsletter,
book, periodical, CD-ROM, Web site): PhD Dissertation (book)
Estimated number of copies to be printed or produced: 4
Whether the copies will be sold or free: Free
Thank you for considering
Lyndsay Somerville
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RE: Use of image from website

Goldberg, Charles Add to contacts
To Lynz Somerville
From: Goldberg, Charles
Sent: June-07-12 12:18:18 PM
To:

Lynz Somerville

Sure.. fine to use the image for your thesis work.. where are you studying? C.g.
From: Lynz Somerville [mailto:]
Sent: Wednesday, June 06, 2012 5:43 PM
To: Goldberg, Charles
Subject: Use of image from website
Hello Dr. Goldberg
I was just writing to ask permission to use one of your posted image (Gerbers Lift Off Test) on
your site A Practical Guide to Clinical Medicine - Musculoskeletal Examination for my PhD thesis.
A response would be greatly appreciated as use of this image will greatly enhance my project
Kind Regards
Lyndsay Somerville, MSc.
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Sent:

June-08-12 5:46:59 PM

To:

Lynz Spags

Health Hype

1:16pm Jun 8

You can use it but please credit us by mentioning our site to your users.
Conversation History
Lynz Spags

9:34pm Jun 6

To whom it may concern,
I am writing in regards to obtaining permission to use an image from your website for my PhD
thesis. I have tried contacting the email on the site however it keeps returning. In particular I
would like to use an image from the article titled "Supraspinatus Tendon – Tendinitis, Tendinosis
and Tear" by Dr. Gauresh for painful arc.
If you could get back to me as soon as possible it would be greatly appreciated as this would
enhance my project greatly!
Kind Regards
Lyndsay Somerville, MSc.
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To Lynz Somerville
From: on behalf of Lennard Funk ()
Sent: June-12-12 6:19:02 AM

Yes. As long as you acknowledge Shoulderdoc.co.uk

On 12 June 2012 01:44, Lynz Somerville <> wrote:
To whom it may concern,

I am writing to inquire about obtaining permission to use an image from your website for
my PhD thesis dissertation. In particular I would like to use the image representing the
O'Briens Test from http://www.shoulderdoc.co.uk/article.asp?article=760
If you could get back to me at your earliest convenience it would be greatly appreciated.
This image will enhance my dissertation immensely.

Kind Regards

Lyndsay Somerville

Prof. Lennard Funk, BSc MSc FRCS(Tr&Orth) FFSEM(UK)
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Re: Meddelande till Jan Nowak
To
From: on behalf of
Sent: June-11-12 6:51:19 AM

Absolutely but I have a much better which I can send you tonight. What is your PhD
doctorate about? / Jan Nowak
Från: "Axelina.com" <>
Till: "jan nowak" <>
Skickat: måndag, 11 jun 2012 2:46:58 GMT +01:00
Amsterdam/Berlin/Bern/Rom/Stockholm/Wien
Ämne: Meddelande till Jan Nowak

Namn: Lyndsay Somerville
Adress:
Land: Canada
Meddelande:
Hello Dr. Nowak
I am writing in regards to obtaining permission to use an image from your website for my
PhD doctorate. In particular I would like to use an image from article regarding the
Sulcus Sign.

If you could get back to me as soon as possible it would be greatly appreciated as this
would enhance my project greatly!

Kind Regards
Lyndsay Somerville, MSc.
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